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Energy transfer (ET) among different lanthanide ions is a promising avenue to enhance the numerous

applications of this photophysical phenomenon, as has been demonstrated in various solid-state

materials. It is far less common to observe these phenomena in discrete species containing different

lanthanide ions at predetermined locations within their molecular structures. The advantages of this are

many, such as the ability to investigate these phenomena with ultimate atomic control, even in solution. A

site-selective molecular scaffold combining the ligands H2LA and H2LB has been developed to enable the

targeted positioning of lanthanide ions based on differences in ionic radii. This architecture allows a Pr3+

ion to be stabilised in the central coordination cavity, while smaller Yb3+ ions preferentially occupy peri-

pheral sites, giving rise to a [YbPrYb] topology within a discrete heterometallic complex. The resulting

compound, [Yb2Pr(LA)2(LB)2(H2O)2(py)]NO3, has been structurally characterised and used to investigate

intramolecular ET between Pr3+ and Yb3+ ions. Two structural analogues, [YbLaYb] and [LuPrLu], were

employed as luminescence controls to independently probe the donor and acceptor roles of each metal

ion. Photophysical studies in solution and in the solid state revealed two distinct ET processes: a highly

efficient Pr3+ → Yb3+ transfer, resulting in near-infrared (NIR) emission at 980 nm, and a competitive Yb3+

→ Pr3+ back-transfer, leading to non-radiative deactivation. Lifetime analyses confirmed that both transfer

pathways occur with near-quantitative efficiency. These findings represent the first evidence of bidirec-

tional Pr3+ ⇄ Yb3+ energy transfer within a molecular complex and highlight the power of ligand architec-

ture in enabling and modulating lanthanide photophysical behaviour.

Introduction

The unique photophysical behaviour of trivalent lanthanide
ions arises from their shielded 4f orbitals, which give rise to a
cascade of long-lived excited states and narrow emission
bands spanning from the ultraviolet to the near-infrared (NIR)
region.1 These transitions are parity-forbidden, and often spin-
forbidden, resulting in low absorption coefficients but long
radiative lifetimes. These features render lanthanide ions

central to applications in optical telecommunications, bio-
imaging, solid-state lighting, and solar energy conversion.2,3

As direct 4f–4f excitation is often inefficient, energy transfer
(ET) processes are widely employed to sensitise their lumine-
scence. These processes typically involve the excitation of a
chromophore or another metal ion, followed by non-radiative
energy transfer to the lanthanide acceptor with eventual
photon emission from the lanthanide excited state.

Sensitisation through ligand-to-metal ET is well estab-
lished, particularly using π-conjugated organic antennae via
intersystem crossing (ISC) mechanisms.4,5 A powerful alterna-
tive involves lanthanide-to-lanthanide (Ln → Ln′) energy trans-
fer, which enables the design of up- or down-conversion
systems.6 These multistep processes facilitate access to optical
transitions that are otherwise difficult to achieve via direct exci-
tation. Up-conversion (UC) is particularly attractive for generat-
ing high-energy emission from low-energy photons—relevant
to NIR-to-visible imaging and photonic devices.7 Conversely,
down-conversion (DC), or quantum cutting (QC), entails the
redistribution of energy from one high-energy photon into two
or more low-energy photons, with the potential to exceed
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100% quantum yield and find application in next-generation
photovoltaics.8–10

Much of the current understanding of Ln → Ln′ ET pro-
cesses derives from studies on inorganic hosts such as glasses
and ceramics, with only a few studies covering up-converting
molecular systems, most notably those from the groups of
Piguet, Nonat, and Charbonnière,11–16 including the remark-
able Yb3+ cooperative luminescence.17,18 Recently, we have
focused on gaining a deeper understanding of Ln → Ln′ ET in
heteropolymetallic systems. In this context, we previously
reported Nd → Yb ET leading to enhanced Yb3+ emission,19 as
well as a detrimental Nd → Er → Nd back transfer leading to
luminescence quenching.20

In this context, we decided to explore another f-element
couple: Pr3+/Yb3+. Our motivation comes from a survey of the
inorganic literature where cooperative sensitisation from Pr3+

to Yb3+ has often been reported in glass matrices. In particu-
lar, QC properties were described, where excitation of Pr3+ at
visible wavelengths results in emission from Yb3+ in the
NIR.21–24 However, the energy transfer process for this Pr3+/
Yb3+ pair is still controversial with different mechanisms pro-
posed. For example, the two-step sequential ET mechanism
was first reported by Van der Ende et al. (Pr3+: 3P0 → 1G4 to
Yb3+: 2F5/2 → 2F7/2 and Pr3+: 1G4 → 3H4 to Yb3+: 2F5/2 →
2F7/2),

25,26 the one-step ET mechanism was reported by Van
Wijngaarden et al.,26 or an experimentally evidenced coopera-
tive ET process.27,28 Of particular relevance to this study is a
process leading to one IR photon emission at 980 nm for each
photon absorbed at 586 nm (resonant with the 1D2 level of
Pr3+).29,30 Notably, despite the promising match of this ET
pair, Pr3+ → Yb3+ energy transfer remains virtually unexplored
in molecular systems, probably because of the lack of suitable
systems to undergo this study. Thus, to the best of our knowl-
edge, no reports to date have demonstrated this energy trans-
fer pathway in discrete coordination compounds.

This gap is both striking and compelling. Molecular lantha-
nide complexes offer advantages over extended solids: the
modularity of synthetic design, the ability to tune donor–
acceptor distances, control over metal coordination environ-
ments, and the integration of additional functional units into
a single scaffold. Nevertheless, the realisation of heterometal-
lic complexes capable of selective Ln–Ln′ energy transfer pre-
sents significant synthetic challenges. The similarity in coordi-
nation chemistry across the lanthanide series often impedes
site-selective metal placement. Achieving this selectivity
requires precise control over ligand architecture to favour the
formation of non-statistical, pure heterometallic species.

Building on our previous success in developing ligand
systems capable of enforcing site-selective binding in
[LnLn′]31–33 and [LnLn′Ln]20,34–36 complexes with well-defined
topologies, we now explore Pr3+ to Yb3+ energy transfer within
a trinuclear molecular architecture. Our strategy involves a tai-
lored bis-diketonate/dipicolinate ligand system that yields
robust, high-purity heterometallic complexes by exploiting the
differences in ionic radii among the lanthanides. This enables
us to construct [YbPrYb] molecules, in which the central Pr3+

ion is flanked by two Yb3+ acceptors—an arrangement that
offers potential for cooperative energy transfer pathways and
enhanced emission efficiency in the NIR region.

Herein, we present the synthesis, structural characteris-
ation, and photophysical investigation of a new [Yb2Pr
(LA)2(LB)2(H2O)2(py)]NO3 complex, [YbPrYb] (3) (H2LA, 2,6-bis
[(3-oxo-3-naphthalene-2yl)propionyl]pyridine; H2LB, 6-(3-
(naphthalene-2-yl)-3-oxopropanoyl)picolinic acid; Fig. 1). This
compound serves as a rare molecular platform for studying
Pr3+-to-Yb3+ energy transfer. Its analogues, [YbLaYb] (1)19 and
[LuPrLu] (2), are also prepared as luminescence controls (2
reported here for the first time), permitting discrimination of
donor and acceptor contributions and enabling a detailed
mechanistic study of the energy transfer pathway.

Notably, the inclusion of an emissive Pr3+ complex in solu-
tion is particularly significant, as studies on the photo-
luminescence of praseodymium compounds in molecular
environments remain scarce and are typically limited to
steady-state emission analyses.37–40 It is worth noting that Pr3+

is special as a lanthanide ion, as it possesses three potentially
emissive levels, namely, 3P0 (∼21 400 cm−1), 1D2

(∼16 900 cm−1), and 1G4 (∼14 500 cm−1) (Fig. 2).41 The emis-
sion properties strongly depend on which excited state is popu-
lated. In inorganic solids, the 3P0 state is generally populated
via direct f–f excitation, while in molecular systems, sensitised
luminescence generally occurs from the 1D2 state.

42,43 The 1G4

state, on the other hand, is often poorly emissive due to its
small energy gap with the 3F4,3 states (∼1100 cm−1), making
multiphonon deactivation processes highly favourable. The
ability to probe both the steady-state and time-resolved behav-
iour of Pr3+ emission thus offers valuable insight into its sen-

Fig. 1 (Top) Ligands 2,6-bis-((3-oxo-3-naphthalen-2-yl)propionyl)pyri-
dine (H2LA) and 6-(3-(naphthalen-2-yl)-3-oxopropanoyl)-picolinic acid
(H2LB). (Bottom) Molecular structures of the isostructural cations [Lu2Pr
(LA)2(LB)2(H2O)2(py)]

+ and [Yb2Pr(LA)2(LB)2(H2O)2(py)]
+ of 2 and 3. The

carbon atoms of ligands LA2− and LB2− are shown in darker and lighter
grey, respectively. Lu or Yb is indicated by blue, Pr is indicated by green,
O is indicated by salmon colour and N is indicated by purple. H atoms
are not shown.
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sitisation and deactivation mechanisms, expanding our under-
standing of lanthanide photophysics in molecular systems.

Results and discussion
Synthesis and structures

The synergy between the photophysical properties of Pr3+ and
Yb3+ within a molecule was studied on the new heterolantha-
nide coordination complex [Yb2Pr(LA)2(LB)2(H2O)2(py)]NO3,
[YbPrYb] (3). It was obtained by exploiting a synthetic protocol
that enables the generation of very pure and selective [LnLn′
Ln] heterometallic molecules by combining stoichiometric
amounts of ligands H2LA

44 and H2LB
34 with the corres-

ponding amounts of specific Ln3+ and Ln′3+ salts featuring
different ionic radii (r(Ln′) > r(Ln)).

20,34–36 A balanced chemical
equation describing the formation of 3 may be proposed (eqn
(1)), albeit the yield of crystals is only about 15%.

2YbðNO3Þ3 þ PrðNO3Þ3 þ 2H2LA þ 2H2LBþ 2H2Oþ 9py !
½Yb2NdðLAÞ2ðLBÞ2ðH2OÞ2ðpyÞ�NO3 þ 8HpyNO3

ð1Þ
Compound 2, [Lu2Pr(LA)2(LB)2(H2O)2(py)]NO3, [LuPrLu]

was obtained here for the first time in the same manner and
with a very similar yield. Homogeneous phases of crystals of 2
or 3 were only obtained by adding one equivalent of CuCl2 to
the reaction mixture, which does not participate in the reac-
tion but plays the role of a modulator of crystallisation (see the
SI for details).35 The molecular formulae and structures of 2
and 3 are equivalent as established by single crystal X-ray diffr-

action (see below). The atomic composition of the bulk crystal-
line samples of both compounds was established by C, H and
N microanalysis and inductively coupled plasma (ICP) metal
content determinations, the latter establishing the expected
Ln/Ln′ molar ratio within the experimental error (see the SI).
For both compounds, this formulation was consistent with the
analysis of variable temperature magnetic susceptibility and
isothermal field-dependent magnetisation measurements (see
the SI and Fig. S1 for details). These experiments confirmed
the presence of one Pr3+ ion (2) or two Yb3+ ions only very
weakly interacting with a Pr3+ centre (3), within the respective
molecules, considering their experimentally established mole-
cular masses.

Mass spectrometry proved to be a highly valuable technique
to corroborate the persistence of the triatomic [LnLn′Ln]
assemblies in solution, the purity of the heterometallic 1 : 2
composition and the absence of any metal scrambling. Thus,
for both compounds, all fragments composed of three metal
ions exhibit the expected composition (Fig. S2–S7), while no
equivalent fragments with any other metal distribution were
detected. The absence of any metal scrambling is very striking,
considering that it is a very common occurrence among
lanthanide coordination complexes.45 This could be explained
by a combination of thermodynamic reasons (as previously
established through DFT calculations)36 and the presence of a
kinetic barrier that results from the very compact scaffold
formed by the [Ln2Ln′(LA)2(LB)2]

+ assembly.
The molecular structures of 2 and 3 were determined by

SCXRD at 100 K (Tables S1–S3). Both compounds are isostruc-
tural; therefore, their structures will be described jointly. The
space group is triclinic P1̄. The unit cell contains two asym-
metric units. The latter is composed of the main complex
cation and its NO3

− counterion, in addition to ten molecules
of pyridine of crystallisation. The main complex consists of a
trinuclear [LnLn′Ln] coordination molecular array (Fig. 1, and
S8–S10; [LuPrLu], 2 and [YbPrYb], 3) where the metals are co-
ordinated and also bridged by a total of two µ3-LA

2− and two µ-
LB2− ligands. The ligands engage all their β-diketonate and
dipicolinate-like coordination pockets to chelate the metals,
while linking them via monoatomic bridges with some of the
oxygen atoms in these chelating units. In this manner, the
central Pr3+ ion is bound to two O,N,O and two O,O coordi-
nation pockets and to one terminal pyridine ligand, featuring
a coordination number (CN) of 11. The peripheral ions (Lu3+

or Yb3+) are surrounded by one O,N,O and two O,O pockets, in
addition to one H2O ligand, exhibiting CN = 8. According to
continuous symmetry measures with the program SHAPE,46

the ideal polyhedra that best describe the central and the side
metal positions are a capped pentagonal antiprism and a
biaugmented trigonal prism, respectively. The distances (on a
0–100 scale) of Pr3+ from its closest ideal geometry are 6.188
and 6.245 for 2 and 3, respectively, whereas for Lu3+ or Yb3+,
these separations are 1.514/1.318 and 1.462/1.363, respectively
(in the Ln1/Ln2 format). As explained above, the topological
selectivity of the [LnLn′Ln] compounds for different lantha-
nides within the molecule is based on differences in atomic

Fig. 2 Simplified energy levels of Pr3+ and Yb3+, where the emissive
excited states are highlighted in bold along with their corresponding
principal radiative transitions.
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radii, with the central position hosting the larger metal ions.
Here, the average Ln–O bond distances in 2 are 2.644 and
2.303/2.309 Å for Pr and Lu1/Lu2, respectively, while for 3,
these values are 2.646 and 2.311/2.320 Å for Pr and Yb1/Yb2,
respectively. Within the complex, the Ln–Pr–Ln angle is
174.45° (LnvLu, 2) and 174.42° (LnvYb, 3); the Ln⋯Ln dis-
tance is 7.837/7.853 Å (for 2/3), while the Pr⋯Ln separations
are 3.924 and 3.922 Å (for 2) and 3.932 and 3.931 Å (for 3).
Interestingly, the shortest intermolecular Ln⋯Ln distances are
6.055/6.072 Å (for 2/3); thus, some of these two peripheral
metals are closer when lying in two different molecules than
when within the same complex. These close intermolecular
contacts occur between pairs of complexes that are related by
an inversion centre. Each pair is connected by two identical,
complementary O–H⋯O hydrogen bonds, where the water
ligand of one molecule forms a hydrogen bond with the
oxygen atom of a carboxylate group on the other molecule
(Fig. S9 and Table S3).

Photophysical properties

To gain insight into the intramolecular Pr3+ → Yb3+ energy
transfer process occurring within the [YbPrYb] (3) complex,
comparative photophysical studies were carried out using two
structurally related analogues: the previously reported
[YbLaYb] (1)19 and the newly synthesised [LuPrLu] (2) com-
plexes. These were selected to independently probe the roles of
the donor and acceptor ions, as complex 1 displays only Yb3+

emission at 980 nm, while complex 2 is expected to exhibit
luminescence solely from the excited states of Pr3+. All
measurements were conducted in dilute (10−4 M) 1 : 1 mixtures
of MeOH-d4 and DMSO-d6 to minimise intermolecular energy
transfer events, both at room temperature (RT) and at 77 K.
Solid-state measurements were also performed to confirm that
the behaviour in solution mirrors the structural features
identified by single-crystal X-ray diffraction analysis (Table S4).
A summary of the key photophysical parameters obtained
from the solution measurements is presented in Table 1.

The triplet excited states of the ligands employed in these
systems, H2LA and H2LB, have previously been estimated at
approximately 18 950 cm−1 and 19 050 cm−1, respectively.19

These energies have been shown to be sufficiently high to
enable energy transfer to Yb3+ centres, with the F5/2 state lying
at approximately 10 300 cm−1.19 In the case of Pr3+, these

antennae are expected to sensitise primarily the 1D2 excited
state, located around 16 900 cm−1, as they are too low in
energy to efficiently populate the higher 3P0 state
(21 000 cm−1). Based on this, we limit our consideration to a
simplified mechanism of Pr3+ → Yb3+ energy transfer—
unlike the multiple possible pathways proposed in ceramic
materials—wherein each photon exciting the 1D2 state of Pr3+

can, through a cross-relaxation process, result in the emission
of a single near-infrared photon from Yb3+ (2F5/2 → 2F7/2) at
980 nm.

This hypothesis was first examined by studying the pre-
viously reported [YbLaYb] (1) complex in deuterated solutions.
Consistent with prior observations in non-deuterated con-
ditions,19 excitation at 400 nm at RT resulted in the character-
istic Yb3+ emission profile centred at 980 nm, corresponding
to the 2F5/2 → 2F7/2 transition (Fig. 3a). At 77 K, the emission
spectrum became significantly better resolved due to the
reduced line broadening and diminished contributions from
thermally populated crystal field-excited states (hot bands).
Under these conditions, the four expected transitions associ-
ated with the Kramers-split 2F7/2 ground state were clearly
observed, showing the same spectral features as those pre-
viously recorded in non-deuterated solution and here in the
solid state (Fig. S11). These results highlight the structural
robustness of complex 1 both in solution and in the solid
state, where the geometry resolved by SCXRD, featuring C2v

symmetry around both Yb3+ centres, is preserved in solution.
Excited state lifetimes were also measured in deuterated solu-
tions at both RT and 77 K, yielding values of 16 and 21 µs,
respectively (Fig. S12). These results indicate a clear decrease
in phonon-mediated non-radiative relaxation when compared
with the value determined at RT in non-deuterated conditions
(9 µs).47

Complex 2, [LuPrLu], was then studied in a similar manner
to first assess the effectiveness of the antenna effect in popu-
lating the Pr3+ 1D2 excited state. First, the emission spectra
were recorded in deuterated solution at RT and 77 K, revealing
emission almost exclusively in the NIR region. The very subtle
emission observed in the visible range is attributed to residual
fluorescence and/or phosphorescence from the antenna along
with a weak, poorly defined emission band at 607 nm that
corresponds to the 1D2 →

3H4 transition of Pr3+ (Fig. S13). This
is not surprising, as the most prominent visible emission of
Pr3+ results from higher-lying excited states (3P0) as has been
well evidenced in the literature37,39,40,48–50

Nonetheless, examples of Pr3+ complexes exhibiting NIR
emission remain relatively scarce in the literature, underscor-
ing the significance of the results presented here and
demonstrating the versatility and efficiency of the
antenna system employed. Upon careful analysis of the 77 K
emission spectrum, three distinct emission lines can be
assigned to the expected transitions originating from the 1D2

excited state, namely, 1D2 →
2F2 at 861 nm, 1D2 →

2F3,4 centred
at 1022 nm, and 1D2 → 1G4 centred at 1480 nm (Fig. 3b) in
agreement with the previously reported NIR-emissive Pr3+

complexes.42,51–53

Table 1 Summary of the key photophysical data for complexes 1, 2,
and 3 in a 1 : 1 mixture of MeOH-d4 and DMSO-d6 (10

−4 M)

Compound λem
a (nm)

τobs
b (µs) ΦET

c

RT 77 K Type RT 77 K

[YbLaYb] (1) 980 16 21 — — —
[LuPrLu] (2) 1020 0.04 0.30 — — —
[YbPrYb] (3) 980 0.10 0.09 (Yb3+ → Pr3+) 0.99 0.99

— — — (Pr3+ → Yb3+) 1.00 1.00

a λexc = 400 nm. b λexc = 400 nm; λem = 975 nm (1, 3) and 1020 nm (2).
c Calculated following eqn (2).
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As with complex 1, the emission of complex 2 was further
tested in the solid state at 77 K confirming that the structure is
preserved upon dissolution (Fig. S14). Finally, the excited-state
lifetimes were measured and fitted monoexponentially, giving
values of 0.03 µs and 0.4 µs at RT and 77 K, respectively.
(Fig. S15) These lifetimes are within the typical range for Pr3+-
based NIR emitters and further support the occurrence of
efficient population of the 1D2 state.

42,51,52

Thus, after confirming that both the Yb3+ (2F5/2) and Pr3+

(1D2) excited states are efficiently sensitised by our ligand
scaffold, we proceeded to investigate the intramolecular energy
transfer between the two ions in a molecular system combin-
ing both metals. To this end, the emission spectra of the
[YbPrYb] (3) complex were recorded at both RT and 77 K upon
excitation at 400 nm. Interestingly, upon detailed analysis,
emission was observed exclusively at 980 nm (Fig. 3c), with a
spectral profile identical to that of complex 1 (Fig. 3d). This
observation unambiguously indicates that the emission arises
from the Yb3+ 2F5/2 → 2F7/2 transition, while no detectable
emission from the Pr3+ excited states was present. This behav-
iour suggests that the 1D2 excited state of Pr3+ is deactivated
through a non-radiative pathway, most likely due to an
efficient quantitative energy transfer to the neighbouring Yb3+

centres (Fig. 4). These findings are consistent with previous
reports on glass matrices, where Pr3+ → Yb3+ energy transfer
occurs efficiently via a cross-relaxation mechanism (Pr3+:
1D2 → 3F4; Yb

3+: 2F7/2 → 2F5/2), followed by NIR photon emis-
sion from Yb3+ (2F5/2 → 2F7/2).

29,30 The excited-state lifetime of
complex 3 was then measured at 980 nm, yielding values of
0.10 µs at room temperature and 0.09 µs at 77 K after mono-
exponential fitting (Fig. S16). When comparing these values to
those previously measured for complex 1, a marked shortening
of the Yb3+ excited-state lifetime is observed. Given that both
the ligand scaffold and the geometry around the Yb3+ centres
are identical in the two complexes, this difference strongly
suggests the occurrence of an additional non-radiative deexci-
tation pathway for the Yb3+ excited state, typically a back
energy transfer from Yb3+ to Pr3+, which is subsequently de-
activated via non-radiative decay. The efficiency of the
suggested Yb3+ → Pr3+ energy transfer can be estimated using
the following expression:

ΦET ¼ 1� τq
τu

ð2Þ

where τq is the excited-state lifetime of Yb3+ in the presence of
Pr3+ (3) and τu is the lifetime in the absence of Pr3+ (1). Using

Fig. 3 Emission spectra (λexc = 400 nm) of complex 1 (black line) (a), complex 2 (green line) (b), complex 3 (pink line) (c), and the comparison of the
three (d) in a diluted (10−4 M) 1 : 1 mixture of MeOD-d4 and DMSO-d6 at 77 K. The dotted lines in (a) denote the crystal field splitting into four
Kramers doublets.
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the measured lifetimes at 980 nm, this yields an energy trans-
fer efficiency of ΦET = 0.99, indicating an almost quantitative
transfer from Yb3+ to Pr3+. This process has also been pro-
posed in solid-state systems, where a clear quenching of Yb3+

emission is observed upon increasing the Pr3+ concentration.54

However, to our knowledge, such behaviour has never been
demonstrated in discrete molecular systems.

To further probe the occurrence of this dual-path energy
transfer between the lanthanide centres, iso-absorbance
diluted solutions (OD = 0.56 at 400 nm, Fig. S17) of complexes
1, 2, and 3 were studied under identical photophysical con-
ditions at room temperature, allowing direct comparison of
their emission intensities (Fig. 4). It is immediately evident
that the emission of complex 1 at 980 nm is more intense than
that of complexes 2 and 3 (Fig. 4a). Therefore, to better resolve
the differences between complexes 2 and 3, a separate photo-
physical comparison was carried out (Fig. 4b). Upon moving
from complex 2 to complex 3, the Pr3+ emission vanished,
while a distinct Yb3+ emission at 980 nm emerged, clearly con-
firming efficient Pr3+ → Yb3+ energy transfer. However, when
comparing this to the emission of complex 1, a marked
decrease in intensity is observed, supporting the occurrence of

a back-energy transfer Yb3+ → Pr3+, which is subsequently de-
activated non-radiatively. We investigated the possible origin
of this energy transfer by comparing the absorption spectrum
of Pr3+ (here measured on the salt PrCl3·6H2O) with the Yb3+

emission in complex 1 (Fig. S18). This comparison shows that
a clear spectral overlap occurs in the NIR between the Yb3+
2F5/2 →

2F7/2 emission band and the Pr3+ 3H4 →
1G4 absorption

band. In the framework of the Förster theory, this spectral
overlap strongly suggests a FRET transfer from the Yb3+ 2F5/2
excited state to the Pr3+ 1G4 one, followed by non-radiative de-
activation to the Pr3+ 3H4 ground state.

Conclusions

A unique combination of ligands capable of stabilising very
selectively trinuclear heterometallic lanthanide complexes
with a [LnLn′Ln] linear core (r(Ln′) > r(Ln)) gives access to a topo-
logically pure [YbPrYb] complex. Photophysical investigation
of this compound, assisted by comparison with the analogous
[YbLaYb] and [LuPrLu] complexes, demonstrates a dual ET
pathway at the molecular level: an efficient forward Pr3+ →
Yb3+ process, leading to characteristic Yb3+ emission at
980 nm, and a competing back-transfer Yb3+ → Pr3+ pathway,
which quenches the Yb3+ excited state through non-radiative
deactivation (Fig. 5). This bidirectional energy exchange, so far
never evidenced in molecular systems for this pair of lantha-
nide centres, underscores the dynamic nature of lanthanide–
lanthanide interactions and the pivotal role of the precise
coordination environment of the metals in tuning their photo-

Fig. 4 Emission spectra (λexc = 400 nm) of complex 1 (black line),
complex 2 (green line), and complex 3 (pink line) in an iso-absorbance
diluted (10−4 M) 1 : 1 mixture of MeOH-d4 and DMSO-d6 at RT (a) and a
zoomed view of complexes 2 and 3 (b).

Fig. 5 Energy level diagram schematically showing the proposed
energy transfer processes.
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physical behaviour. These findings extend current understand-
ing of lanthanide-to-lanthanide ET into the domain of mole-
cular chemistry and offer new strategies for developing solu-
tion-processable lanthanide materials for photonics.
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