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Lanthanide ion complexes have application in areas ranging from N
fluoroimmunoassays to materials science because of their light . ’ [ "
emission propertiesThe luminescence is due to parity-forbidden *€><\ . L A
and spin-forbidden-f transitions, requiring thus the use of ligands ¢ 3t S e S
as sensitizers. Numerous ligand designs have been described, from ‘e & s d /\(
simple 2,6-pyridinedicarboxylic acid, shown to sensitize near-IR L “y
emission of Yb(llI¥ and utilized in standards for the determination ‘e /\w
of quantum vyields of emissioh,to more complex chelating RN a)

architectures, capable of discriminating between different lanthanide
ions and of yielding complexes with high quantum yields of
luminescencé?’ Although pyridine-bis(oxazoline), Pybox, and its
derivatives were extensively utilized by Aspinall and co-workers
in lanthanide ion complexes for enantioselective catalysis, they have
never been reported as sensitizers for lanthanide luminescence. This
ligand is extremely versatile, as it allows straightforward deriva-
tization of the para position of the pyridine ring, as well as of the
carbon atoms of the oxazoline rifigt®

Here, we report for the first time its use as a sensitizer and
describe the isolation of a highly luminescent complex of Eu{CF
SO;); with thiophene-derivatized-Pybox, ThPybox. Highly lumi-
nescent solutions are obtained upon dissolution of the ligand in
acetonitrile with Ln(CESGO;)3 in 3:1 stoichiometry, with quantum
emission values of 76% for L= Eu and 59% for Ln= Tb.
Preliminary studies with other Pybox derivatives synthesized in our Figure 1. (a) Ball-and-stick and wire diagram of the 2:1 complex of
laboratory also yield highly luminescent solutidA$2The Eu(lll) ThPybox with Eu(CESQy)s; (b) packing diagram, with polyhedral repre-
efficiency reported here with ThPybox as the sensitizer surpassessentat'o.n of Eu(lll). Dashed bonds show selected intermolecular interactions

. : o - of the triflate counteranions. Hydrogen atoms have been omitted for clarity.

complexes recently described for which emission quantum yields

in water were 21.5%25.5%7* 16% in CHCl,'* and 2.3% in  and 1.5 water molecules coordinated to the Eu(lll) as well as 1.5
MeOH.* The efficiency for Th(lll) is also high and compares noncoordinated triflate ions in the asymmetric unit. The remaining
favorably with recently described systems, with values of 5%  coordination sphere and counter-ions are generated by symmetry.

45.5% in water>85.1% in THF:® 27% in CHCl;**and 63%in  Ey(lll) has a coordination number of nine and is bound to six
MeOH. In the solvent acetonitrile, quantum yields of 1.3 and pjtrogen atoms of the two ThPybox ligands as well as three water
4.7%, respectively, were reported for [Ln(terg}j) (Ln = Eu, molecules. The water molecules were most likely incorporated

Th).1920 The excellent sensitization ability coupled with the through the solvent. The Eu(IN distances are in the range
versatility in derivatization makes this family of ligands very 2519-2.572 A and the Eu(lI-O distances are in the range
appealing for designing luminescent lanthanide ion complexes. The 2 434-2.484 A (Table S2). The polyhedron around the metal ion
photophysical characterization of the luminescent solutions of Eu- jg 5 slightly distorted tricapped trigonal prism with the oxygen of
(1M and Th(lll) with ThPybox is reported here, along with X-ray  the center water molecule and the pyridine nitrogen atoms as the
crystallographic characterization. Solution speciation and spectro- capping atoms. The packing structure is dominated by hydrogen-
scopic details are presented in the Supporting Information. bonding interactions between the triflate counterions and the water
ThPybox was synthesized through modified literature procedures molecules coordinated to Eu(lll), weak hydrogen-bonding interac-
(Scheme S1) in 7% overall yield from chelidamic acid. Stirring  tions between the triflate counterions aaehydrogen atoms on
ThPybox with Eu(CESQOy)s in 1:1 MeOH/CHCN vyielded X-ray the thiophene rings as well as short contacts between the fluorine
quality crystals of a 2:1 metal complex (Figure 1a) within a few and oxazoline oxygen (blue dashed lines, Figure 1b). The triflate
days. While only a 2:1 ligand-to-metal complex has been isolated jons provide for the electrical neutrality of the complex and stitch
with this ligand, depending on the initial ligand-to-metal ion the complex cations together into a three-dimensional structure via
stoichiometry in solution, complexes with different stoichiometries hydrogen bonding.
were isolated with other Pybox derivativeslhe complex discussed Hydrogen-bonding interactions (Figure S1) in the range 2.7272
here crystallizes in the monoclinic space gra@#ic with one ligand -2.8291 A are seen between the triflate oxygen atoms and the water
TWork performed at Syracuse University, Syracuse, NY, as part of SV's doctoral mOIe_CU|e oxyggn atoms. O_ther interactions S_UCh as weak hydrogen
thesis and AR’s REU research. bonding, as defined by Desirajtibetween fluorine atoms and-&1
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Table 1. Speciation Data of Ln(ll1)(NOs)s with ThPybox in ligand emission, which, as mentioned above, is not completely
Acetonitrile Obtained by Absorption and Emission Titrations? quenched by the Th(Ill) and overlaps with the transitions of the
Ln(llry method log B l0g Bt log Bar metal ion.
Eu absorption  5.7& 0.07  10.70£0.20  15.38+ 0.10 In summary, ThPybox is a highly efficient sensitizer of Eu(lll)
emission 5.15:-0.18  10.09+0.11  14.34:0.20 and Tb(Ill) luminescence, as reflected in the high emission quantum
- a\t/)eragf_ g-gi 813 18-11(% 8?2 igg% 8-%2 yields of luminescence, which in the case of Eu(lll) is up to three
apsorption . . . . . . : H :
amission 4755 0.09 909: 007 1210t 0.20 times as hllgh as preymusly reporteq for other complexgs. Further,
average 4.8% 0.19 910+ 013  12.74+ 0.24 the versatile chemistry of these ligands allows tuning of the

sensitization ability and tailoring of the Ln(Ill) complex properties
2Values are the average of at least three measurements with eachfor specific applications. As such, Pybox and its derivatives show

}e]?h”iqtt’_e- Sample absorption fitration shown in Figure S5, Supporting extreme promise as a new class of antennas for lanthanide ion
nrormation.

emission.
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0.019+ 0.002

1S[enr e 28310 (28,610) Supporting Information Available: Experimental details of the
STem™1¢ 21080 (21,080) synthesis and spectroscopic characterization and X-ray crystallographic

A[L] = 3[Ln(Il)] ~ 1 x 105 M. bA ¢ at least th files in CIF. This material is available free of charge via the Internet at
= 3[Ln ~1x . P Average of at least three measure- . ) [ i on fi

ments with different experimental conditiorfdMeasured in a solution with http.//pu_bs.acs.org. X-ray crystallographlc information files can a.|SO
Ln = Gd at 77 K2* data in parenthesis is uncoordinated ligand. be obtained free of charge via vaw.ccdc.cam.ag.uklconts/retnevmg-

.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK;
moieties of the oxazoline or thiophene rings ane @ shorts fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk). CCDC
contact$?23 are present in this structure (Figure S2). 658540 contains the supplementary crystallographic data for the
These complexes, as well as others with similar Pybox ligands complex described in this paper.
described elsewhef&2are highly luminescent in the solid state,
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