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AMPED: a new platform for picolinate based 

luminescent lanthanide chelates 

Claudia Guanci,a Giovanni Giovenzana,a* Luciano Lattuada,b Carlos Platas-
Iglesias,c and Loïc J. Charbonnièred*  

The synthesis of a new nonacoordinating ligand based on an AMPED (6-amino-6-
methylperhydro-1,4-diazepine) scaffold functionalized by three picolinate (6-carboxy-2-
methylpyridine) arms is described. Coordination of lanthanide cations (Ln = Eu and Tb) was 
investigated by spectrophotometric titrations monitored by UV-Vis absorption and steady-state 
emission spectroscopy, showing the formation of [LnL] complexes in aqueous solutions. The 
corresponding Eu and Tb complexes were isolated and characterized, and their spectroscopic 
properties (luminescence quantum yields, excited state lifetimes) were determined in buffered 
water (TRIS/HCl, pH 7.4) and compared to the data reported in the literature for related 
systems. DFT modelling of the complexes showed the picolinate arms to be perfectly wrapped 
around the Ln3+ cations, affording an excellent shielding of the metal as confirmed by the 
determination of the hydration number of q = 0 for both complexes. The high resolution 
emission spectrum was used to determine the radiative lifetime of Eu in the complex (τrad = 
3.05 ms) and the metal-centred luminescence quantum yield (0.20). The modest 0.10 overall 
luminescence quantum yield of the Eu complex is a consequence of an energy transfer with 
medium efficiency (0.50) and a low metal centred luminescence efficiency attributed in part to 
the presence of numerous NH and CH bonds in close proximity to the metal centre.  
 

 

Introduction  

 Luminescent lanthanide (Ln) complexes have found a 
particular niche in spectroscopic applications combining 
elemental spectral signatures, long luminescence lifetimes, 
large Stokes' shifts,1 and sensing2 or upconversion properties.3 
Particular efforts have been devoted to the design of highly 
luminescent lanthanide tags4 for their use in time-resolved 
luminescence analytical applications and microscopy.5 Such 
complexes are basically constituted of three main components: 
i) a pre-organizing scaffold aiming at providing 
thermodynamically stable and kinetically inert Ln complexes; 
ii) antenna units, which collect the exciting photons and transfer 
the corresponding energy to the Ln excited states; and iii) an 
activated pending arm for the covalent grafting of the Ln-based 
label to the (bio)material of interest. Although the pioneering 
efforts have been mainly devoted to macropolycyclic scaffolds 
to ensure the stability of the complexes,4a,6 pre-organised 
scaffolds based on macrocyclic moieties7 or non-macrocyclic 
systems providing strong electrostatic interactions8 also proved 
to be stable enough for bioanalytical applications, while being 
far less demanding in terms of synthetic efforts. Among the 
numerous examples dealing with macrocyclic structures, 

scaffolds based on tetraazacycloalkanes (in particular cyclen9 
but also cyclam10) and triazacycloalkanes (mainly 
triazacyclononane or TACN)11 have been thoroughly 
investigated. 
 More recently, the synthesis of 6-amino-6-methylperhydro-
1,4-diazepine (AMPED, Chart 1) was reported.12 It soon  
 
 
 
 
 
 
 
 
 
 
 
 
Chart 1. AMPED and the AMPED picolinate ligand LH3 with H numbering. 

appeared to be an interesting scaffold for the preparation of 
chelating agents, forming stable lanthanide complexes,13 with a 
particular emphasis on Gd-based relaxation agents.14 As an 
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intrinsic feature, the structure of AMPED displays two possible 
entries into the introduction of an activated function for 
biolabelling; i.e.: the alkyl chain on the quaternary carbon 
atom15 and possibly the regioselective sequential alkylation on 
the nitrogen atoms taking advantage of the differential 
reactivity of primary and secondary amines.16 Considering its 
versatility, the potential of using AMPED as a scaffold to 
construct luminescent Ln complexes becomes obvious, 
providing that an adequate antenna was used. The picolinate 
arm appeared to be a typical substituent model as an evident 
choice, as it has been introduced on a plethora of scaffolds 
including podands,17 linear18 or cyclic polyamines.15a,19 
Moreover, the para position of the pyridyl ring can easily be 
modified by inclusion of unsaturated groups to extend the 
electronic delocalisation and to improve the antenna effect.20 
 In this contribution, we describe the synthesis of the 
AMPED based nonadentate ligand LH3 (Chart 1), which has 
been designed for the complexation of Ln cations. The Eu3+ and 
Tb3+ complexes were prepared and characterized. The 
spectroscopic properties of these complexes were investigated 
using both absorption and emission electronic spectroscopy and 
DFT calculations. 

Results and discussion 

 Scheme 1 shows the synthetic protocol followed to obtain 
ligand LH3. AMPED was prepared according to the literature 
procedure12 by a two-steps procedure involving a nitro-
Mannich-type reaction with nitroethane, paraformaldehyde and 
dibenzylethylenediamine diacetate followed by reductive 
hydrogenation/debenzylation with H2 over Pd/C. The picolinate 
precursor 1 was prepared according to a literature three steps 
procedure21 from dipicolinic acid, which was first esterified 
into its dimethyl ester before partial reduction of one of the 
ester functions and chlorination with SOCl2. Alkylation of 
AMPED with five equivalents of 1 was carried out in 
acetonitrile in the presence of potassium carbonate as a base 
with a modest 20% yield. Despite all our efforts, including 
addition of a large excess of 1, it has not been possible to 
isolate the tetraalkylated compound corresponding to the 
bisalkylation of the primary amine of AMPED. Nevertheless, 
compound 2 was particularly interesting as the remaining 
secondary amine group could represent a suitable site for the 
introduction of an activating function for biolabeling.  

 
Scheme 1. Synthesis of the ligand.(i) K2CO3, CH3CN, r.t. 72h, 20%. ii) NaOH, H2O, 

r.t. 14h, then HCl, 77%.) 

Finally, basic hydrolysis of the ester functions followed by 
acidification of the medium afforded ligand LH3 in a decent 
77% yield. 
 Figure 1 represents the 1H NMR spectrum of the ligand in 
D2O. The aromatic region displays two sets of three peaks (two 
doublets and a triplet) integrating for three and six protons, 
respectively. This pattern is related to an average planar 
symmetry of the molecule in solution, with the symmetry plane 
passing through the secondary nitrogen atom, the quaternary 
aliphatic carbon atom and bisecting the bond joining the two 
adjacent methylene groups of the ring, pointing to a rapid 
pyramidal inversion at the secondary nitrogen atom. As a result 
of this symmetry, the endocyclic methylene groups were found 
as two sets of signals, each displaying an AB pattern resulting 
from a blocked conformation of the seven-membered ring 
cycle. The first AB spin system consists of the two doublets at 
3.93 and 3.69 ppm, attributed to the H2 proton (see chart 1 for 
H numbering). Regarding the strong correlation observed 
between the doublet at 3.93 and peaks due to H1 (1.28 ppm) 
and H8 (4.51 ppm) in the NOESY spectrum (Figure S1), this 
signal was attributed to the equatorial H2 atom. The second AB 
pattern (3.36-3.58 ppm) was attributed to the two adjacent 
methylene groups of the cycle (H3). Finally, the exocyclic 
methylene bridges joining the two symmetrical picolinate arms 
H4, are observed as a third AB spin system at 4.35 ppm. 

 
Figure 1. 

1H NMR spectrum of LH3 in D2O (15°C, 400 MHz). 

 The complexation of Eu and Tb was monitored by titration 
experiments in which the absorption and emission spectra of 
buffered solutions of the ligand in TRIS/HCl (0.01 M, pH = 
7.4) were monitored as a function of increasing aliquots of the 
chloride salts of Ln. Figure 2 displays the evolution of the 
emission spectra during the titration with Tb. Upon addition of 
Tb, the excitation through the ligand π−π* absorption bands at 
265 nm resulted in the observation of thin emission bands at 
490, 543, 583 and 621 nm, with weaker signals at 653, 670 and 
681 nm. These emission bands are typical of the 5D4 → 7FJ 
transitions (J = 6 to 0 respectively) centred on Tb.1 The 
intensity of these bands increased linearly upon Ln addition up 
to one equivalent, after which the emission intensity did not 
change anymore. This evolution points to the formation of a 
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single complex species with a 1:1 (Tb:ligand) composition. The 
same behaviour was observed for Eu (Figure S2). 

 
Figure 2. Evolution of the emission spectra of a solution of L upon addition of 

TbCl3·6H2O (λexc = 265 nm, TRIS/HCl, 0.01 M, pH = 7.4) with attribution of the 
5D4→7FJ transitions. Inset: Evolution of the emitted intensity at 545 nm. 

 On the basis of this composition, the [LnL] complexes were 
prepared by mixing equimolar concentrations of ligand and 
metal ion in water at pH 4.5 and heating for 4 hours at 80°C. 
The complexes were isolated by precipitation with THF from 
the water solutions. The electrospray mass spectra of the 
complexes (Figure S3 and S4) displayed the expected pattern 
corresponding to the [LnL] complexes, with the expected 
isotopic distribution corresponding to the 151Eu and 153Eu 
isotopes. 

 
Figure 3. 

1H-NMR spectrum of [EuL] in D2O (25°C, 400 MHz). 

 The 1H NMR spectrum of the Eu complex in deuterated 
water showed the symmetry observed in the ligand to be 
disrupted by  coordination to the metal ion. The spectrum 
clearly showed 22 signals corresponding each to one proton and 
a singlet of three protons. It is surmised that the lacking peak is 
hidden under the signals of the solvent. The coordination of the 
cation into the cavity is expected to induce a wrapping of the 
picolinate arms around the metal, resulting in a pseudo helicity 
of the complex, as confirmed by DFT modelling (vide infra). 

This induced chirality results in a lack of any symmetry 
element in the molecule.  
 The 1H NMR signals of the ligand experience significant 
paramagnetic shifts upon coordination to the paramagnetic 
center. Besides, the nine signals attributed to the proton nuclei 
of the picolinate arms (8.61, 8.03, 7.88, 7.36, 6.72, 6.60, 5.52, 
5.40, 5.15 and 2.97 ppm) present very similar linewidths, which 
is compatible with the coordination of the three picolinate 
pendant arms to the metal ion in solution.19c 
 The UV-Vis absorption spectra and steady-state emission 
spectra of the complexes are presented in Figure 4, while Table 
1 summarizes the main spectroscopic properties of the 
complexes in water. The absorption spectra of the complexes 
are both dominated by an intense absorption band with a 
maximum at 273 nm, attributed to π→π* transitions centered 
on the picolinate moieties (see below). Upon excitation into this 
band both complexes displayed the typical emission bands 
arising from the transitions 5D0 → 7FJ (J = 0 to 4) for Eu and 
5D4 → 7FJ (J 0 to 6) for Tb. 

Table 1. Absorption maximum (λmax), metal centred excited state lifetime in 
water (τH

2
O) and heavy water (τD

2
O) at 298 K, overall luminescence quantum 

yield (φH
2

O) and hydration number (q) for the [LnL] complexes (Ln = Eu and 
Tb). 

 λmax / nm 

(ε / M-1.cm-1) 

τH
2

O 

(ms) 

τD
2

O 

(ms) 

φH
2

O qa 

[EuL] 273 (15900) 0.61 0.73 0.10b 0 
[TbL] 273 (15600) 1.83 2.00 0.20b 0 

a Calculated according to ref 22 and 25 (see text). b see experimental section 
for full details 

 
Figure 4.UV-Vis absorption spectrum of [TbL] (blue) and emission spectra of 

[EuL] (red) and [TbL] (green) in water. The absorption spectrum of [EuL] 

calculated using TDDFT is shown as a dotted line. 

 The excited state lifetimes of the complexes were recorded 
in water and deuterated water allowing for the determination of 
the hydration number, i.e. the number of water molecules in the 
first coordination sphere of the Ln cation, according to 
Horrocks methodology25 using refined coefficients determined 
by Parker et al.22 For both Eu and Tb, the analysis showed the 

Page 3 of 8 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | Dalton Trans., 2015, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

coordination sphere to be fully saturated by the nine 
coordination sites of the ligand, leaving no space available for 
the coordination of water molecules, thereby affording an 
excellent protection of the luminescent cations towards non 
radiative deactivation. The luminescence quantum yield of the 
Eu complex (φ = 0.10) is in excellent agreement with that 
obtained for other nonacoordinated ligands containing three 
picolinate arms, such as the derivative of TACN (φ = 0.09),26 or 
its phosphinate based analogues (φ = 0.09-0.07).27 Surprisingly, 
the luminescence quantum yield of the Tb complex (0.20) is 
somehow smaller than that observed for similar compounds 
(0.43 for the TACN derivative26 and up to 0.50-0.60 for 
phosphinate based TACN derivatives27). To further understand 
the energy transfer processes within the Eu complex, we 
calculated the radiative lifetime of Eu in the complex following 
the methodology developed by Werts and coworkers.28 
Assuming that the 5D0 → 7F1 transition of Eu (from 577 to 601 
nm, Figure 4) is of purely magnetic dipole origin, the radiative 
lifetime of Eu, τR, can be calculated with equation 1: 

 1 ��⁄ � ���,
�
�
����/���� (1) 

in which, AMD,0 is the spontaneous emission probability of the 
5D0 → 7F1 transition (AMD,0 = 14.65 s-1), n is the refractive index 
of the medium (1.333 for water at 589.3 nm) and Itot and IMD 
respectively correspond to the total area of the corrected 
emission spectrum and the part corresponding to the 5D0 → 7F1 
transition. A value of 3.03 ms was obtained for τR, in good 
agreement with reported data of the literature.28,29 From the 
radiative lifetime and knowing the luminescence lifetime of the 
Eu complex in water, τH

2
O, one calculates the metal centered 

luminescence quantum yield, φEu with equation 2: 

 ∅�� �
����

��
   (2) 

which amounts to 0.20 in our complex. Considering the overall 
luminescence quantum yield (the quantum yield upon 
excitation into the ligand, φH2O = 0.10), the sensitization 
efficiency ƞ of the picolinate arms can be obtained with 
equation 3: 

 φH2O = ƞ × φEu   (3) 

The calculated sensitization efficiency amounts to 0.50, 
pointing to a modest efficiency of the energy transfer from the 
triplet excited state of the ligand to the Eu3+ cation. In absence 
of low temperature set up to measure the ligand centred triplet 
state, we turned our attention to DFT calculations (see below). 
On the basis of the optimized structure, the energy of the 
lowest-energy triplet state was found to be 364.9 nm (27 400 
cm-1), in good agreement with reported data for the 
trisdipicolinate TACN complexes (26670 to 27030 cm-1 at 
77K).26 This energy level is far higher than the 5D0 (17 200 cm-

1) or 5D1 (ca 18700 cm-1) excited states of Eu(III), explaining a 
rather modest sensitization efficiency.30 
 DFT calculations. Following the methodology reported in 
recent computational studies,31 the [EuL] complex was 
investigated by means of DFT calculations using the TPSSh 

functional and the large-core relativistic ECP of Dolg et al., 
which includes 52 electrons in the core for Eu3+.The ligand 
coordinates to the Eu3+ ion using a N6O3 donor set composed of 
the three amine nitrogen atoms, the three nitrogen atoms of the 
pyridyl rings and three oxygen atoms of the carboxylate groups 
(Figure 5). The latter donor atoms provide the strongest 
interaction with the metal ion(Eu-O distances in the range 
2.38-2.41 Å), followed by the nitrogen atoms of the pyridyl 
moieties (2.59-2.62 Å). The calculated distances between the 
Eu3+ ion and the amine nitrogen atoms of the ligand (2.66-2.83 
Å) are only slightly longer than those observed in the solid state 
for the Gd3+ complex of AAZTA (2.60-2.78 Å), while 
following the sequence Ln-N1 < Ln-N3 < Ln-N2 (see Figure 5 
for atom numbering).32 

 The N3-CH2-CH2-N dihedral angle (-33.2°) is close to those 
observed in the Eu3+complex of the related AAZTA-
CH2CH2OH ligand (-28.2°),33 the Ga3+ complexes with 
hexadentate ligands based on the AMPED platform34 and the 
Cu complex with AAZTA, resulting in twist-chair 
conformations of the 1,4-diazepine seven-membered ring. This 
torsion angle is somewhat smaller in the Gd3+ complex of 
AAZTA-C2H4COOBn (-20.8°)35 and Cu(H2AAZTA) (-23.7°),36 
approaching an eclipsed conformation in the Gd3+ complex of 
AAZTA (-2.9°),32 which is characteristic of the chair 
conformation. 

        
Figure 5. Structure of the [EuL] complex optimized in aqueous solution at the 

TPSSh/LCRECP/6-31G(d,p) level. Bond distances of the metal coordination 

environment: Eu-O1, 2.409 Å; Eu-O2, 2.382 Å; Eu-O3, 2.390 Å; Eu-N1, 2.658 Å; 

Eu-N2, 2.827 Å; Eu-N3, 2.722 Å; Eu-N4, 2.590 Å; Eu-N5, 2.620 Å; Eu-N1, 2.613 Å. 

 The assignment of a coordination polyhedron to describe 
the metal coordination environment in [EuL] is not 
straightforward. Among the different coordination polyhedra 
most frequently observed for nine-coordinate metal complexes 
are the monocapped square antiprism, the tricapped trigonal 
prism and the muffin.37 These polyhedra provide shape 
measures S(A)= 3.41, 2.57 and 3.05, respectively (the shape 
measure S(A)=0 for a structure fully coincident in shape with 
the reference polyhedron, while the maximum allowed value of 
S(A) is 100).38 Thus, the best description of the metal 
coordination environment in [EuL] is given by a distorted 
monocapped square antiprism. 
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 Aiming to gain insight into the excited states responsible for 
the absorption spectrum of EuL we carried out theoretical 
TDDFT calculations. The absorption profile obtained with 
TDDFT is in excellent agreement with the experimental 
absorption spectrum (Figure 4), with a calculated absorption 
maximum at 275 nm (273 nm in the experimental spectrum). 
The calculated absorption profile entails significant 
contributions from up to 14 excited states with oscillator 
strengths f > 0.001. According to our calculations the 
absorption band is dominated by excited state 30 (calculated at 
267.6 nm, f = 0.0205), which presents important contributions 
of at least four excitations: HOMO-5 → LUMO+2, HOMO-6 
→ LUMO+1, HOMO-8 → LUMO+1 and HOMO-9→ LUMO. 
The MOs are dominated by contributions of π orbitals centred 
on the pyridyl and carboxylate moieties of the ligand. Besides, 
HOMO-6 and particularly HOMO-5 have significant 
contributions of the lone pairs of N atoms of the ligand (Figure 
S5). Thus, the absorption band of the [LnL] complexes can be 
assigned to a combination of π→π* and n→π* transitions 
centered on the ligand. 

Experimental section 

 General Methods. Solvents and starting materials were 
purchased from Aldrich, Acros and Alfa Aesar and used 
without further purification. 1H and 13C NMR spectra were 
recorded on Bruker Avance 300 and Avance 400 spectrometers 
operating at 300 and 400 MHz for 1H, respectively. Chemical 
shifts are reported in ppm, with residual protonated solvent as 
internal reference.39 IR spectra were recorded on a Perkin 
Elmer Spectrum One Spectrophotometer as solid samples and 
only the most significant absorption bands are given in cm-1. 
High Resolution Mass spectra were recorded by electrospray 
ionisation method on a microTOF LC Bruker Daltonics. 
Elemental analyses were recorded at the service central 
d'analyse of the University of Strasbourg. 
 

 Synthesis of the ligand. AMPED was prepared according 
to ref. 12, while  compound 1 was prepared following the 
procedure reported in ref. 21. 
Synthesis of compound 2. To a suspension of AMPED (200 
mg, 1.55 mmol) in CH3CN (15 mL), dry K2CO3 (1.28 g, 6 eq., 
9.29 mmol) and methyl 6-chloromethylpicolinate (1.44 g, 7.75 
mmol, 5 eq.) were sequentially added. The reaction was stirred 
at room temperature for 4 days and monitored by TLC 
(CH2Cl2/MeOH/NH3 90:9:1). The mixture was filtered to 
remove the salts and evaporated under reduced pressure. The 
residue was dissolved in CH2Cl2 (20 mL), washed with brine 
(10 mL), dried over Na2SO4, filtered and evaporated under 
vacuum. The crude product was purified by flash 
chromatography column (CH2Cl2/MeOH/NH3 99:0:1 to96:3:1) 
affording after evaporation a pale yellow solid (178 mg, 20%). 
1H-NMR(CDCl3, 298K, 400 MHz): δ 7.93 (d, 3H, 3J = 8Hz), 
7.84 (d, 2H, 3J = 8Hz), 7.73 (t, 3H, 3J = 8Hz), 7.52 (m, br, 1H), 
3.94 (s, 9H), 3.92 (s, 4H), 3.73 (s, 2H), 2.83 (d, br, 2H, 2J = 
16Hz), 2.75-2.56 (m, 6H), 0.92 (s, 3H).13C-NMR(CDCl3, 

298K, 100.1 MHz): 165.8 (2Cq), 160.8 (2Cq), 147.1 (2Cq), 
137.3 (CH), 137.2 (CH),126.5 (CH), 125.4 (CH), 123.6 (CH), 
123.2(CH), 66.5 (CH2), 66.0 (CH2), 58.4 (CH2), 56.5 (Cq), 52.9 
(CH3), 52.7 (CH3), 47.5 (CH2), 22.9 (CH3). ES+/MS: m/z calcd 
for [C30H36N6O6+H]+, 577.277; found: 577.272. Found: C, 
60.86; H, 6.19; N, 14.45%. Calc. for C30H36N6O6

.H2O: C, 
62.49; H, 14.57; N, 6.29. 
Synthesis of LH3. Compound 2 (60 mg, 0.104 mmol) was 
dissolved in a 1M NaOH solution (1.1 mL). The solution was 
stirred overnight at room temperature. After concentration 
under vacuum, the residue was dissolved in water and acidified 
to pH = 2 and evaporated to dryness under reduced pressure. 
The crude residue was purified by RP-FPLC 
CH3CN(0.1%TFA)/H2O(0.1% TFA) 0:100 to 100:0 affording 
the pure product as a white solid (67.7 mg, 55%). 1H-NMR 
(D2O, 298K, 400 MHz): δ 7.90 (t, 2H, 3J = 8Hz), 7.87 (t, 1H, 3J 
= 8Hz), 7.79 (d,2H, 3J = 8Hz), 7.78 (d,1H, 3J = 8Hz), 7.53 (d, 
2H, 7.79 (d,2H, 3J = 8Hz), = 8Hz), 7.46 (d, 1H, 3J = 8Hz), 4.51 
(s, 2H), 4.40-4.30 (AB spin system, 4H, δA = 4.38, δB = 4.32, 2J 
= 16Hz), 3.95-3.67 (AB spin system, 4H, δA = 3.93, δB = 3.69, 
2J = 16Hz), 3.56-3.39 (m, 4H). 13C-NMR (D2O, 298K, 101 
MHz): δ 166.9 (Cq), 166.3 (Cq) 162.8 (qd, 2JCF = 36Hz), 153.3 
(Cq) 151.6 (Cq), 146.2 (Cq), 145.9 (Cq), 140.5 (CH), 140.0 
(CH), 128.2 (CH), 126.3 (CH), 125.4 (CH), 125.3 (CH), 116.3 
(qd, 1JCF = 289Hz), 61.7 (CH2), 59.9 (CH2), 53.0 (CH2), 43.82 
(CH2), 24.5 (Cq), 18.1 (CH3).ES+/MS : m/z calcd for 
[C27H30N6O6+H]+, 535.230; found: 535.232. Found: C, 37.45; 
H, 3.34; N, 7.57%. Calc. for C27H30N6O6

.(CF3CO2H)5
.4H2O: C, 

37.76; H, 3.68; N, 7.14. 
[EuL]: LH3 (20.0 mg, 0.017 mmol) was dissolved in ultrapure 
water (1mL) and EuCl3

.6H2O (7.0 mg, 0.019 mmol) was added. 
The pH was adjusted to 4.50 with NaOH 0.1M and the solution 
was stirred at 80°C for 4h. The reaction was monitored by RP-
TLC CH3CN(0.1% TFA)/H2O(0.1% TFA) 1:1 observing a 
fluorescent red spot at 254 nm. After 4h at 80°C the mixture 
was cooled at room temperature and the pH adjusted to 7 with 
NaOH 0.1M. The solution was concentrated and the complex 
was finally purified by precipitation with THF affording 8.1 mg 
of EuL as a white solid (yield 70%). 1H-NMR (D2O, 298K, 400 
MHz): δ 8.61 (d, J = 8Hz, 1H), 8.03 (t, J = 8Hz, 1H), 7.88 (t, J 
= 8Hz, 1H), 7.35 (d, br, J = 16Hz, 1H), 6.72 (d, J = 8Hz, 1H), 
6.60 (d, J = 8Hz, 1H), 5.52 (d, J = 8Hz, 1H), 5.40 (d, J = 8Hz, 
1H), 5.15 (t, J = 8Hz), 2.97 (d, J = 8Hz, , 1H), 2.81 (d, J = 
12Hz, 1H), 2.73 (d, J = 16Hz, 1H), 2.48 (s, br, 1H), 2.05 (s, br, 
1H), 1.13 (s, 3H), 0.27 (s, br, 1H), -3.03 (s, br, 1H), -4.20 (d, J 
= 16Hz, 1H), -5.63 (d, J = 16Hz, 1H), -6.64 (s, br, 1H), -6.81 
(d, J = 16Hz, 1H), -8.32 (d, J = 16Hz, 1H), -9.82 (d, J = 16Hz, 
1H). ES+/MS: m/z calcd for [C27H27EuN6NaO6]

+: 705.108 
(85%), 707.110 (100%); found 705.027 (76%), 707.028 
(100%). 
[TbL]: LH3 (20 mg, 0.017 mmol) was dissolved in ultrapure 
water (1 mL) and TbCl3.6H2O (7.1 mg, 0.019 mmol) was  
added. The pH was adjusted to 4.5 with NaOH 0.1M and the 
solution was stirred at 80°C for 4h. The reaction was monitored 
by RP-TLC CH3CN(0.1% TFA)/H2O(0.1% TFA) 1:1 showing 
a fluorescent green spot at 254 nm. After 4h at 80°C the 
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mixture was cooled at room temperature and the pH adjusted to 
7.0 with NaOH 0.1 M. The solution was concentrated and the 
complex was precipitated by addition of THF affording 7.1 mg 
of [TbL] as a white solid (60 %). ES+/MS: m/z calcd for 
[C27H27N6NaO6Tb]

+: 713.114 (100%); found 713.024 (100%). 
 Spectroscopy. UV-Vis absorption spectra were recorded on 
a Specord 205 (Analytik Jena) or a Perkin Elmer lambda 950 
spectrometer. Steady-state luminescence emission and 
excitation spectra were recorded on a Horiba Jobin Yvon 
Fluorolog 3 spectrometer working with a continuous 450 W Xe 
lamp. Detection was performed with a Hamamatsu R928 
photomultiplier. All spectra were corrected for the instrumental 
response. When necessary, a 399 nm cut off filter was used to 
eliminate the second order artifacts. Phosphorescence decays 
were measured on the same instrument working in the 
phosphorescence mode, with 50 µs delay time and a 100 ms 
integration window or working in the Time Correlated Single 
Photon Counting (TCSPC) Lifetime Spectroscopy mode, both 
using a Xenon flash lamp as the excitation source. 
Monoexponential decay profiles were fitted with the FAST 
program from Edinburgh Instruments or with the Data station 
software from Jobin Yvon. Estimated errors on lifetimes are 
±10%. Luminescence quantum yields are the average of those 
obtained with two distinct references and were measured 
according to conventional procedures, with optically diluted 
solutions (optical density < 0.05), using rhodamine 6G in water 
(φ = 76%)23a and a previously reported Tb complex (φ = 
31%)23b as references for Tb and [Ru(bipy)3]Cl2 in water (φ = 
4.0%)24a and [Eu(pic)3]

3- (φ = 13.5% in TRIS pH 7.4)24b for Eu. 
Estimated errors are ± 15% and deviations were less than 10% 
from one reference to the other. 
 DFT calculations. Full geometry optimizations of the 
[EuL] system were performed in aqueous solution employing 
DFT within the hybrid meta-GGA approximation with the 
TPSSh exchange-correlation functional,40 and the Gaussian 09 
package (Revision B.01).41 In these calculations we used the 
large-core relativistic effective core potential (LCRECP) of 
Dolg et al. and the related [5s4p3d]-GTO valence basis set for 
Eu,42 while C, H, N and O atoms were described with the 
standard 6-31G(d,p) basis set for. In the LCRECP approach, the 
46+4f6 electrons of Eu3+ are included in the core, leaving the 
outermost 11 electrons to be treated explicitly. Thus, LCRECP 
calculations were conducted on a pseudo-singlet state 
configuration. No symmetry constraints have been imposed 
during the optimizations. The default values for the integration 
grid (75 radial shells and 302 angular points) and the SCF 
energy convergence criteria (10-8) were used in all calculations. 
The stationary points found on the potential energy surfaces as 
a result of the geometry optimizations have been tested to 
represent energy minima rather than saddle points via 
frequency analysis. Time-dependent density functional theory 
(TDDFT)43 was used for the calculation of the 40 lowest energy 
singlet-singlet electronic transitions and the lowest-lying 
singlet-triplet transition of [EuL] in aqueous solution. The 
calculated absorption spectrum profile was obtained using half-
widths at half height of 0.333 eV (2685.8 cm-1). Solvent effects 

(water) were evaluated by using the integral equation formalism 
variant of the polarizable continuum model (IEFPCM),44 as 
implemented in Gaussian 09. 
 

Conclusion 

Recent reports4 have highlighted (if needed) that there is still 
some place for improvements of luminescent lanthanide 
complexes and their applications as labels in bioanalytical 
applications. If much of these efforts are directed towards the 
optimization of the antennas4,20 or the use of nanoscopic 
scaffolds45 less are devoted to the search of new scaffolds. In 
that respect, AMPED appeared to be particularly attractive with 
a cyclic structure affording pre-organisation and the possibility 
to introduce antenna arms and putatively two possibilities to 
append a dangling function for bioconjugation. Introduction of 
three picolinate strands on the AMPED cycle led to the 
formation of a potentially nonadentate ligand, which was 
shown to be perfectly suited for the coordination of lanthanide 
cations. Complexation with Eu and Tb led to the formation of 
luminescent complexes with photo-physical properties close to 
that observed for C3 symmetrical analogues. Surprisingly, 
different efforts to alkylate the secondary nitrogen atom of the 
ligand were unsuccessful up to now in our hands. An 
alternative to the introduction of the labelling function may be 
found in the pre-functionalisation of the quaternary carbon 
atom of the AMPED structure.15 
 
Acknowledgements. 
C. P.-I. thanks Centro de Supercomputación de Galicia 
(CESGA) for providing the computer facilities. This work was 
supported by the European COST action EuFEN. 
 

Notes and references 

aDipartimento di Scienze del Farmaco, Università del Piemonte Orientale 

“A. Avogadro”, Largo Donegani 2/3, 28100 Novara, Italy. E.mail: 

giovenzana@pharm.unipmn.it 
b Bracco Imaging spa, Bracco Research Centre, Via Ribes 5, 10010 

Colleretto Giacosa (TO), Italy. 
c Departamento de Química Fundamental, Universidade da Coruña, Campus 

da Zapateira-Rúa da Fraga 10, 15008 A Coruña, Spain. 
d Laboratoire d'Ingénierie Moléculaire Appliquée à l'Analyse, Institut 

Pluridisciplinaire Hubert Curien (IPHC, UMR 7178, CNRS/Université de 

Strasbourg), ECPM, 25 rue Becquerel, 67087 Strasbourg Cedex. France. 

Email: l.charbonn@unistra.fr 

† Electronic Supplementary Information (ESI) available: 1H-1H Noesy 

spectrum of LH3, spectrofluorimetric titration of LH3 by EuCl3, ES/MS 

spectra of the Eu and Tb complexes and Views of the frontier MOs of 

[EuL] obtained from DFT calculations in aqueous solution (5 Figures). 

See DOI: 10.1039/b000000x/ 

 

1 a) M.C. Heffern, L.M. Matosziuk and T.J. Meade, Chem. Rev., 2014, 

114, 4496. b) S.V. Eliseeva and J.-C.G. Bünzli, Chem. Soc. Rev., 

2010, 39, 189. c) A. de Bettencourt-Dias, P.S. Barber and S. 

Viswanathan, Coord. Chem. Rev., 2014, 273-274, 165. 

Page 6 of 8Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 Dalton Trans., 2015, 00, 1-3 | 7  

2 a) S.J. Butler and D. Parker, Chem. Soc. Rev., 2013, 42, 1652. b) T. 

Liu, A. Nonat, M. Beyler, M. Regueiro-Figueroa, K. Nchimi Nono, 

O. Jeannin, F. Camerel, F. Debaene, S. Cianférani-Sanglier, R. 

Tripier, C. Platas-Iglesias and L.J. Charbonnière, Angew. Chem. Int. 

Ed., 2014, 53, 7259. 

3 a) F. Auzel, Chem. Rev., 2004, 104, 139. b) L. Aboshyan-Sorgho, C. 

Besnard, P. Pattison, K.R. Kittilstved, A. Aebischer, J.-C.G. Bünzli, 

A. Hauser and C. Piguet, Angew. Chem. Int. Ed., 2011, 50, 4108. 

4 a) J. Xu, T.M. Corneillie, E.G. Moore, G.-L. Law, N.G. Butlin and 

K.N. Raymond, J. Am. Chem. Soc., 2011, 133, 19900. b) S.J. Butler, 

L. Lamarque, R. Pal and D. Parker, Chem. Sci., 2014, 5, 1750. c) M. 

Starck, P. Kadjane, E. Bois, B. Darbouret, A. Incamps, R. Ziessel and 

L.J. Charbonnière, Chem. Eur. J., 2011, 17, 9164. 

5 a) A. Grichine, A. Haefele, S. Pascal, A. Duperray, R. Michel, C. 

Andraud and O. Maury, Chem. Sci., 2014, 5, 3475. b) M. Delbianco, 

V. Sadovnikova, E. Bourrier, G. Mathis, L. Lamarque, J.M. Zwier 

and D. Parker, Angew. Chem. Int. Ed., 2014, 53, 10718. c) D. 

Geißler, S. Linden, K. Liermann, K.D. Wegner, L.J. Charbonnière 

and N. Hildebrandt, Inorg. Chem., 2014, 53, 1824. 

6 a) B. Alpha, J.-M. Lehn and G. Mathis, Angew. Chem., Int. Ed., 

1987, 26, 266. b) S.P. Vila-Nova, G.A.L. Pereira, R.Q. Albuquerque, 

G. Mathis, H. Bazin, H. Autiero, G.F. de Sa and S. Alves Jr., J. 

Lumin., 2004, 109, 173. 

7 a) J.W. Walton, A. Bourdolle, S.J. Butler, M. Soulie, M. Delbianco, 

B.K. McMahon, R. Pal, H. Puschmann, J.M. Zwier, L. Lamarque, O. 

Maury, C. Andraud and D. Parker, Chem. Commun., 2013, 49, 1600. 

b) D.J. Bornhop, J.M.M. Griffin, T.S. Goebel, M.R. Sudduth, B. Bell 

and M. Motamedi, Appl. Spectrosc., 2003, 57, 1216. c) S. Deslandes, 

C. Galaup, R. Poole, B. Mestre-Voegtlé, S. Soldevila, N. Leygue, H. 

Bazin, L. Lamarque and C. Picard, Org. Biomol. Chem., 2012, 10, 

8509. 

8 a) S. Abada, A. Lecointre, M. Elhabiri, D. Esteban-Gomez, C. Platas-

Iglesias, G. Tallec, M Mazzanti and L.J. Charbonnière, Chem. 

Commun., 2012, 48, 4085. b) K. Nchimi Nono, A. Lecointre, M. 

Regueiro-Figueroa, C. Platas-Iglesias and L.J. Charbonnière, Inorg. 

Chem., 2011, 50, 1689. 

9 See for examples: a) R. Carr, L. Di Bari, S. Lo Piano, D. Parker, R.D. 

Peacock and J. M. Sanderson, Dalton Trans., 2012, 41, 13154. b) 

A.M. Prokhorov, V.N. Kozhevnikov, D.S. Kopchuk, H. Bernard, N. 

Le Bris, R.Tripier, H. Handel, B. Koenig, D.N. Kozhevnikov, 

Tetrahedron, 2011, 67, 597. c) S. Quici, C. Scalera, M. Cavazzini, G. 

Accorsi, M. Bolognesi, L. Armelao, and G. Bottaro, Chem. Mater., 

2009, 21, 2941. d) A.M. Nonat, C. Allain, S. Faulkner and T. 

Gunnlaugsson, Inorg. Chem., 2010, 49, 8449. e) M.P. Placidi, L.S. 

Natrajan, D. Sykes, A.M. Kenwright and S. Faulkner, Helv. Chim. 

Acta, 2009, 92, 2427. 

10 L.J. Charbonnière, N. Weibel, and R.F. Ziessel, J. Org. Chem., 2002, 

67, 3933. 

11 See for examples: a) M. Giraud, E.S. Andreiadis, A.S. Fisyuk, R. 

Demadrille, J. Pécaut, D. Imbert, and M. Mazzanti, Inorg. Chem., 

2008, 47, 3952. b) N.H. Evans, R. Carr, M. Delbianco, R. Pal, D.S. 

Yufit and D. Parker, Dalton Trans., 2013, 42, 1510. c) M. Soulié, F. 

Latzko, E. Bourrier, V. Placide, S.J. Butler, R. Pal, J.W. Walton, P.L. 

Baldeck, B. Le Guennic, C. Andraud, J.M. Zwier, L. Lamarque, D. 

Parker and O. Maury, Chem. Eur. J., 2014, 20, 8636. 

12 S. Aime, L. Calabi, C. Cavallotti, E. Gianolio, G.B. Giovenzana, P. 

Losi, A. Maiocchi, G. Palmisano and M. Sisti, Inorg. Chem., 2004, 

43, 7588. 

13 Z. Baranyai, F. Uggeri, G.B. Giovenzana, A. Bényei, E. Brücher, and 

S. Aime, Chem. Eur. J., 2009, 15, 1696. 

14 a) E. Gianolio, G.B. Giovenzana, D. Longo, I. Longo, I. Menegotto, 

and S. Aime, Chem. Eur. J., 2007, 13, 5785. B) K.C. Briley-Saebo, S. 

Geninatti Crich, D.P. Cormode, A. Barazza, W.J.M. Mulder, W. 

Chen, G.B. Giovenzana, E.A. Fisher, S. Aime, and Z.A. Fayad, J. 

Phys. Chem. B, 2009, 113, 6283. c) E. Gianolio, C. Cabella, S. 

Colombo Serra, G. Valbusa, F. Arena, A. Maiocchi, L. Miragoli, F. 

Tedoldi, F. Uggeri, M. Visigalli, P. Bardini, and S. Aime, J. Biol. 

Inorg. Chem., 2014, 19, 715. 

15 a) P. Minazzi, L. Lattuada, I.G. Menegotto, and G.B. Giovenzana, 

Org. Biol. Inorg. Chem., 2014, 12, 6915. b) I. Mamedov, J. 

Engelmann, O. Eschenko, M. Beyerlein, and N. Logothetis, Chem. 

Commun., 2012, 48, 2755. c) G. Gugliotta, M. Botta, G.B. 

Giovenzana and L. Tei, Bioorg. Med. Chem. Lett., 2009, 19, 3442. 

16 a) E. Elemento, D. Parker, S. Aime, E. Gianolio, and L. Lattuada, 

Org. Biomol. Chem., 2009, 7, 1120. b) R. Artali, G. Bombieri, G.B. 

Giovenzana, M. Galli, L. Lattuada, and F. Meneghetti, Inorg. Chim. 

Acta, 2013, 407, 306. 

17 a) C. Gateau, M. Mazzanti, J. Pécaut, F.A. Dunandand L. Helm, 

Dalton Trans., 2003, 2428. a) N. Weibel, L.J. Charbonnière and R.F. 

Ziessel, Tetrahedron Lett., 2006, 47, 1793. b) L.J. Charbonnière, N. 

Weibel, P. Retailleau and R.F. Ziessel, Chem. Eur. J., 2007, 13, 346. 

c) L.J. Charbonnière, S. Mameri, P. Kadjane, C. Platas-Iglesias and 

R.F. Ziessel, Inorg. Chem., 2008, 47, 3748. 

18 a) N. Chatterton, Y. Bretonnière, J. Pécaut and M. Mazzanti, Angew. 

Chem. Int. Ed., 2005, 44, 7595. b) C. Marchal, Y. Filinchuk, D. 

Imbert, J;-C.G. Bünzli, and M. Mazzanti, Inorg. Chem., 2007, 46, 

6242. c) E. Balogh, M. Mato-Iglesias, C. Platas-Iglesias, E. Toth, K. 

Djanashvili, J.A. Peters, A. de Blas and T. Rodrıguez-Blas, Inorg. 

Chem., 2006, 45, 8719. 

19 a) M. Roger, L.M.P. Lima, M. Frindel, C. Platas-Iglesias, J.-F. 

Gestin, R. Delgado, V. Patinec and R. Tripier, Inorg. Chem., 2013, 

52, 5246. b) M. Regueiro-Figueroa, B. Bensenane, D. Esteban-

Gomez, L.J. Charbonnière, G. Tircso, A. de Blas, T. Rodriguez-Blas 

and C. Platas-Iglesias, Inorg. Chem., 2011, 50, 4125. c) A. 

Rodríguez-Rodríguez, D. Esteban-Gómez, A. de Blas, T. Rodríguez-

Blas, M. Fekete, M. Botta, R. Tripier and C. Platas-Iglesias, Inorg. 

Chem., 2012, 51, 2509. 

20 a) A. D’Aléo, A. Picot, P.L. Baldeck, C. Andraud and O. Maury, 

Inorg. Chem., 2008, 47, 10269. b) Q. Wang, K. Nchimi Nono, M. 

Syrjänpää, L.J. Charbonnière, J. Hovinen and H. Härmä, Inorg. 

Chem., 2013, 52, 8461. 

21 M. Mato-Iglesias, A. Roca-Sabio, Z. Pálinkás, D. Esteban-Gómez, C. 

Platas-Iglesias, É. Tóth, A. de Blas, and T. Rodríguez-Blas, Inorg. 

Chem., 2008, 47, 7840. 

22 A. Beeby, I.M. Clarkson, R.S. Dickins, S. Faulkner, D. Parker, L. 

Royle, A.S. de Sousa, J.A.G. Williams and M. Woods, J. Chem. Soc. 

Perkin Trans 2, 1999, 493. 

23 a) J. Olmsted, J. Phys. Chem., 1979, 83, 2581. b) N. Weibel, L.J. 

Charbonnière, M. Guardigli, A. Roda and R. Ziessel, J. Am. Chem. 

Soc. 2004, 126, 4888.  

Page 7 of 8 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

8 | Dalton Trans., 2015, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

24 a) H. Ishida, S. Tobita, Y. Hasegawa, R. Katoh, N. Noaki, Coord. 

Chem. Rev., 2010, 254, 2449. b) A.-S. Chauvin, F. Gumy, D. Imbert 

 and J.-C. G. Bünzli, Spec. Lett. 2004, 37, 517.  

25 W.D.W. Horrocks Jr and D. Sudnick, J. Am. Chem. Soc., 1979, 101, 

334. 

26 G. Nocton, A. Nonat, C. Gateau and M. Mazzanti, Helv. Chim. Acta, 

2009, 92, 2257. 

27 J.W. Walton, R. Carr, N.H. Evans, A.M. Funk, A.M. Kenwright, D. 

Parker, D.S. Yufit, M. Botta, S. De Pinto, and K.-L. Wong, Inorg. 

Chem., 2012, 51, 8042. 

28 M.H.V. Werts, R.T.F. Jukes, and J.W. Verhoeven, Phys. Chem. 

Chem. Phys., 2002, 4, 1542. 

29 P. Kadjane, L.J. Charbonnière, P. Camerel, P.P. Lainé, P.P. and R. 

Ziessel, J. Fluo., 2008, 18, 119. 

30 M. Latva, H. Takalo, V.-M. Mukkala, C. Matachescu, J.C. 

Rodrigues-Ubis, J. and Kankare, J. Luminescence, 1997, 75, 149. 

31 a) M. Regueiro-Figueroa, D. Esteban-Gómez, A. de Blas, T. 

Rodríguez-Blas, and C. Platas-Iglesias, Chem. Eur. J., 2014, 20, 

3974; b) A. F. Martins, S. V. Eliseeva, H. F. Carvalho, J. M. C. 

Teixeira, C. T. B. Paula, P. Hermann, C. Platas-Iglesias, S. Petoud, E. 

Toth, C. F. G. C. Geraldes, Chem. Eur. J., 2014, 20, 14834. 

32 S. Aime, G. Bombieri, C. Cavallotti, G. B. Giovenzana, D. Imperio, 

And N. Marchini, Inorg. Chim. Acta, 2008, 361, 1534. 

33 R. S. Sengar, A. Nigam, S. J. Geib, and E. C. Wiener, Polyhedron, 

2009, 28, 1525. 

34 D. Parker, B. P. Waldron, and D. S. Yufit, Dalton Trans., 2013, 42, 

8001. 

35 R. Artali, G. Bombieri, G. B. Giovenzana, M. Galli, L. Lattuada, and 

F. Meneghetti, Inorg. Chim.Acta, 2013, 407, 306. 

36 Z. Baranyai, F. Uggeri, A. Maiocchi, G. B. Giovenzana, C. 

Cavallotti, A. Takács, I. Tóth, I. Bányai, A. Bényei, E. Brucher, and 

S. Aime, Eur. J. Inorg. Chem., 2013, 147. 

37 A. Ruíz-Martínez, D. Casanova, and S. Alvarez, Chem. Eur. J., 2008, 

14, 1291. 

38 M. Llunell, D. Casanova, J. Cirera, P. Alemany, and S. Alvarez, 

SHAPE. Program for the stereochemical analysis of molecular 

fragments by means of continuous shape measures and associated 

tools. Version 2.1. 

39 H.E. Gottlieb, K. Kottyar, and A. Nudelman, J. Org. Chem., 1997, 

82, 7512. 

40 J. M. Tao, J. P. Perdew, V. N. Staroverov, and G. E. Scuseria, Phys. 

Rev. Lett., 2003, 91, 146401/1-146401/4. 

41 Gaussian 09, Revision B.01, M. J. Frisch, G. W. Trucks, H. B. 

Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, 

V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, 

X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. 

Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, 

M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. 

A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. 

Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. 

Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J. 

Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. 

Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. 

Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. 

Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. 

Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, Ö. 

Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, and D. J. Fox, 

Gaussian, Inc., Wallingford CT, 2009. 

42 M. Dolg, H. Stoll, A. Savin, and H. Preuss, Theor. Chim. Acta, 1989, 

75, 173. 

43 a) R. E. Stratmann, G. E. Scuseria, and M. J. Frisch, J. Chem. Phys., 

1998, 109, 8218. b) R. Bauernschmitt, and R. Ahlrichs, Chem. Phys. 

Lett., 1996, 256, 454. c) M. E. Casida, C. Jamorski, K. C. Casida, and 

D. R. Salahub, J. Chem. Phys., 1998, 108, 4439. 

44 J. Tomasi, B. Mennucci, and R. Cammi, Chem. Rev., 2005, 105, 

2999. 

45 a) L. Song, J. Gao, and J. Li, J. Luminescence, 2014, 151, 18. b) L. J. 

Charbonnière, J.-L. Rehspringer, R. Ziessel and Y. Zimmermann 

New J. Chem., 2008, 32, 1055. 

 

 

Page 8 of 8Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t


