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New luminescent isomeric europium(lll) complexes with carboxylic carbonyl group coordination (I and Il) have
been prepared by solvothermal synthesis using the ligand 2,2'-bipyridine-4,4'-dicarboxylic acid (bpdc), with the
nonradiatively shielded Eu®* coordination sphere completed by dimethyl sulfoxide ligands. The room temperature
IR spectra and Eu* luminescence spectra do not provide a definitive distinction between | and II, but low-temperature

luminescence can give a clear identification.

Introduction

The choice of ligand for complexation plays a key role in

constructing efficient luminescent lanthanide complexes. Two
of the common requirements when choosing a ligand for

coordination with lanthanide ions are the binding strength
and the ultraviolet (UV) absorption properties of the ligand
entity. Aromatic carboxylate ligands fulfill the above two

the OH ligands in order to minimize nonradiative channels.
Herein, we report the X-ray structure of europium(ll)
complexes with carbonyl group coordination using the ligand
bpdc and demonstrate the subtle differences between the two
isomers. The distinction between the isomers is readily
accomplished from the low-temperature electronic emission

spectra.

. L s .
bas!c criterid ? as senS|.t|2|n.g agents for enhancing the Experimental Section
luminescence of lanthanide ions because they can chelate

the lanthanide metal ions tightly as well as display strong
UV absorption. In particular, 2\bipyridine-6,6-dicarboxylic
acid is a good antenna to sensitize emission frofft Fihe
aqgua complexes of the isomer 2#pyridine-4,4-dicar-
boxylic acid (bpdc) with the three lanthanide ions Eu, Tb,
and Gd have been characterized by luminescence spectro
copy, although a structural investigation was not carried out.

Because this ligand appears to be a promising antenna, we, g

have further shielded the environment ofEby removing
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Synthesis Direct reaction by solvothermal synthesis of europium
trichloride with the ligand in dimethyl sulfoxide (DMSO) gave the
polymeric europium complex with the two isomers jehpdc)-
(DMSO)]n+6nH,0 (1) and [Ey(bpdci(DMSO)],-2nDMSO-2nH,0
(1) (Figure 1). A mixture of EuGI6H,O, 2,2-bipyridine-4,4-
dicarboxylic acid (bpdc; Figure S1 in the Supporting Information),
and DMSO with a mole ratio of 1:1:1500 was stirred for 0.5 h and
then sealed in a Teflon-lined autoclave. The mixture was heated at
°C for 2 days. After cooling to room temperature, colorless
crystals were obtained on the walls of the flask and on the bottom,
together with a small amount of precipitate (hereafter labeled as
PPT). The crystals were removed, recrystallized, and then air-dried
(isomerl). Isomerll was obtained from the mother solution after
filtering out the mixture to remove the small amount of precipitate,
and it also crystallized as a colorless block crystal (yidld46%;

II', 28%). The reaction was then repeated over the longer time period
of 5 days. This resulted in a mixture without a precipitate, where

| was again found on the container walls. Isoriiewas obtained
from slow evaporation of the mother solution over a few days
because the crystal contains a higher proportion of DMSO. This
reaction yielded different ratios of the two isomets 23%; II,
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Figure 1. Structures of the europium isomdrgleft) andIl (right).

Table 1. Crystallographic and Data Collection Parameters for Isomers

I andll
[ I

My 1451.09 767.64

shape block block

color colorless colorless

a(h) 12.390(3) 10.0895(6)

b (R) 13.795(4) 11.4162(6)

c(A) 13.830(4) 13.6578(8)

o (deg) 115.769(4) 86.774(1)

 (deg) 93.914(5) 72.594(1)

y (deg) 106.918(4) 78.675(1)

V (A3) 1983.8(9) 1471.89(15)

Dealc(g cm9) 1.215 1.732 _ _ _

cryst syst triclinic triclinic Figure 2. ORTEP drawing of isomel.

space group P1 P1

gg"a'“e 515 X gz 0t ligands, and four DMSO solvates (Figure 2). From the X-ray

no. of collected refins 8440 5651 crystallographic information, the asymmetric unit contains

no. of unique refins 7222 4718 only half of the monomer unit; i.e., the two Eu atoms are

gn[tl - 2.000(1) 8-852 8-8§é equivalent. These units are hydrogen-bonded into a three-

GOE 1.051 1.045 dimensional array (Figure 3). Each Euon is coordinated

to nine O atoms: seven O atoms from five bpdc ligands

34%). ESIMS: isomet, m/z 639, 2HBPDC + 1Eu; isomerll and two O atoms from two DMSO ligands in a distorted
m/z 637, 2HBPDC + 1Eu. monocapped square antiprism. The bottom square is com-

Photophysical Data. The UV—vis absorption spectra of the  posed of atoms O1, O2*, O3, and O4* (with the maximum
europium complexes were recorded using a HP UV-8453 spectro-deviation from the mean plane being 0.113 A (O3)=*
photometer in the range from 200 to 1100 nm in MeOH at 298 K. symmetry code + x, 1 — y, 1 — 7) and capped by atom
The room temperature luminescence spectra were excited by theg3* The top square is composed of the atoms 05, 06, O7,
355 nm line of a Continuum Nd:YAG laser. Room temperature and 08, with the maximum deviation from the mean plane

excitation spectra were recorded using a Jobin-Yvon TCSPC being 0 114 A (06). The two mean planes are nearly parallel
system. The low-temperature emission spectra were recorded at Qith a aihedral an. le of 4.47 As a result. the monomer '
resolution of 2-4 cn! by a back-illuminated SpectruMM CCD 9 ) '

detector in an Acton 0.5 m monochromator having a 1200 groove unit app'ears as a tw]sted four-layer square antiprism. The
mm~* grating blazed at 500 nm and a 600 groove Thmrating Eu-O distances are in the usual range of 2.374@&Y52-
blazed at 750 nm. The sample was housed in an Oxford Instruments(6) A. Two Eu atoms are held closely together by four
closed-cycle cryostat and was excited by an Optical Parametric bridging bpdc ligands, with the distance Eteu = 4.128
oscillator (Panther) pumped by the third harmonic of a Surelite A, which is rather long for a quadruply bridged Eer-Ew*
Nd:YAG pulsed laser. FT-IR absorption spectra were recorded by separation, although it is much shorter than the 6.51 &Tb
a Perkin-Elmer 2000 spectrometer using KBr disks. Th®* separation in [TEbpdck(H20)s]2H,0-2MeOH?3
Isomerll has the same number of bpdc and DMSO ligands
and similar coordination but with different numbers and types
Crystal Structures. The crystallographic and data col- of solvates in the lattice (Figures 4 and 5). Ad jithe EG*
lection parameters far andll are listed in Table 1. Each  metal center il also shows a distorted monocapped square-
monomer unit inl consists of two Eu ions, three bpdc antiprism geometry. With O1, 02, O7, and O8 as the bottom

Results and Discussion
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Figure 3. Packing diagram of isomdr

Figure 4. ORTEP drawing of isomeH .

square and O304, O5, and OB as the top square, which
is capped by atom O3 symmetry codes: i, 2 x, 1 —,
1-zi,x—1,y,1+zii,1 —x,1—vy,2~— 2. The
Eu--+Eu distance of 4.090 A is slightly shorter (0.03 A) than
that of isomerl. The Eu-O distances are in the range of
2.345(4)-2.695(4) A and are slightly shorter (0:68.06 A)
than those in isomelr.

In isomer |, the carboxylic acid groups are all nearly
orthogonal to each other (with dihedral angles of 44.83
80.08, and 84.30), whereas the pyridyl rings are only
slightly twisted from their respective/connecting carboxylic
acid groups in the range of only +23°. As a result, there
is minimum overlapping between nearby/adjacent bpdc
ligands, so that the only possible interactions areHz:-
(e.g., H3B*--N3—py-ring centroic= 3.124 A; H4A*--N3—
py-ring centroid= 3.538 A). However, in isomell , the
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carboxylic acid groups are closer to orthogonality than those
in | (with dihedral angles of 65.57 76.25, and 86.15,
respectively). Furthermore, there is a much larger dihedral
angle (58.09) between the C12/03/04 carboxylic acid group
and its attached N2py-ring. This significant twisting results

in the parallel stacking of N2py-ring and the neighboring
N1-py-ring (the dihedral angle between these two py
rings is only 4.83, with the centroid-to-plane distance
~3.467 A). This enhanced:--s interaction results in more
efficient packing in the unit cell (Figures S3 and S4 in the
Supporting Information), with a significant reduction in the
cell volume (1471 Rin Il vs 1984 & in 1), despite the
presence of one DMSO and one®in | versus three kD

in Il per monomer unit. There exist closer *Eu-EW*
interactions and smaller EtO distances il as compared
with 1.

The three bpdc ligands show different coordination modes
(Figure S9 in the Supporting Information). One acts only as
a bis-bidentate chelate, bridging to two®Eions only. The
second type is a tetradentate chelate, bridging to four different
EW' ions instead of two. The third type of coordination is
a combination of both: a hexadentate chelate, bridging to
four EW?* ions. The combination of these three types of
coordination builds the complex polymer into a three-
dimensional lattice.

Room Temperature IR and Electronic Spectra of | and
II. The FT-IR spectra of andll are very similar, as shown
in Figure 6. Both spectra present a strong broad feature
peaking at~3375 cni! due to hydrogen-bonded water. The
region between 1608 and 1544 cihcomprising aromatic
ring stretching and asymmetric carboxylate modes, is similar
for I and Il except that isomett exhibits a prominent
shoulder at 1679 cm, which is absent il . The strongest
band in each spectrum is the symmetric carboxylate stretch
coupled to the asymmetric GHieformation at 1410 cm.
The S=0O stretch in neat DMSO peaks at 1044 and 1058
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Figure 5. Packing diagram of isomdt.

Figure 6. FT-IR spectra of isomersandll . o
Figure 7. 355 nm excited-state room temperature emission spectra of

. . andll between 550 and 730 nm.
cm 15 Itis lowered to~950 cnt! upon complexatiof,and

there are medium-intensity bands at 954‘&rm the IR effects’ is fairly prominent. Because the site symmetry of
spectra of bothl andIl. Thus, as mentioned above, the gzt is ¢, and the two E# ions in the unit cell are related
differences in the FT-IR spectra bfandll are very minor, by the center of symmetry, thedegeneracies of the energy
as exemplified, for example, by the additional shoulders at |g\ |5 are completely removed so that one, three, and five
937 and 785 cm' in 1. Such differences are not readily pands are expected for the luminescence transitions ¥8am
rationalized in descriptive terms. to the terminallFo, 7F1, and’F, multiplets, respectively. In

The solid-state electronic absorption spectra of the ligand fact, the spectral features are only partially resolved at room
and of the complexes display features at 330 a280 nm  temperature so that the number of features is somewhat
that are very similar (Figure S7 in the Supporting Informa- fewer, as shown by the three ticks for thBy — 7F,

tion). The room temperature emission spectrd aid Il transition, for example. The exception is thB, — "Fo
under 355 nm laser excitation into the ligand antenna are transition, where the one sharp band is observed. This is
displayed in Figure 7 and exhibit the characteriSbg — consistent not only witlC; site symmetry of E¥f but also
F;(J=0, ..., 4) transitions of EU. Notably, the’Dy — "F,4 with the presence of only one type of Eton in the unit
transition, whose intensity is governed by the Ju@delt cell. As expected, the room temperature spectra of isomers

parametef2,, which is mainly dependent upon “long-range” | andll are very similar, particularly concerning the band
energies. However, just as for the IR absorption spectra, the

(5) Fawcett, W. R.; Kloss, A. AJ. Phys. Chem1996 100, 2019.
(6) Cotton, F. A.; Francis, R.; Horrocks, W. D. Phys. Chenl96Q 64, (7) Oomen, E. W. J. L.; Dongen, A. M. Al. Non-Cryst. Solid4989
1534. 111, 203.
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Figure 8. Comparison of the 457 nm excited-state 10 K luminescence
spectra of PPTL, andll between 570 and 605 nm.

minor differences that are present in the relative intensities
of bands may not be considered definitive enough to confirm
the identity of each isomer.

The room temperature solid-state luminescence excitation
spectra ofl andIl were recorded by monitoring th®, —
"F, emission, and the spectra are shown in Figure S8 in the
Supporting Information. The spectraloandll are similar
and exhibit maxima at 315 nm. This wavelength is near the
maximum in the absorption spectra of DMSO solutions$ of
andll and corresponds to the ligand singtstnglet transi-
tion. A lower energy shoulder is apparent in the excitation
spectra at 376 nm.

10 K Luminescence Spectra of | and 1l.In order to gain
a clearer distinction betweeh and Il, the luminescence  Figure 9. 10 K emission spectra dfandll in the region of théDy —
spectra were recorded under selective excitations at 10 K.'Fz transition between 606 and 625 nm under 454, 457, and 465 nm
The spectrum of the initial precipitate (PPT) was also excitation wavelengths.
recorded, and the comparison is displayed in Figure 8 for
the 457 nm excited-state spectrum in the region offie  System Eu[Co(CN]-4H,O;% and/or (i) the presence of
— "Ry transitions. The impure nature of the initial precipitate impurities. We discount further reasons for the presence of
(PPT) is manifested by the breadth of the spectral features.“additional” bands such as the nonequivalence of the two
Isomersl andll are clearly differentiated, and the greater EU*' sites in the unit cell or the Davydov splitting of the
noise level forl is a consequence of the very small Samp|e electronic transitions. If the pOSSlblllty ii is correct, then the
amount. Spectral features lh are generally blue-shifted ~ Spectra recorded using several other laser excitation energies
relative to those irl, and the crystal-field splittings of the ~ would show different relative intensities of bands. In fact,
7F, levels differ considerably. ThéD, — 7F, electronic  as shown for th€Do — ’F, spectral region of andll (Figure

origins are at different energies: 17 243 and 17 257%cm 9), there are more than five bands in this region, even taking
in | and Il respectively. The most prominef, — 7F; into account the different relative intensities of some weaker

bands are at 16 925, 16 870, and 16 820tin |, whereas features under 454, 457, and 465 nm excitation wavelengths.
they are at 16 998, 16 937, and 16 860 ¢in Il . The major Thus, although the multicrystalline samples chosen for the
difference in the 10 K spectra compared with the room recording of low-temperature luminescence spectra did
temperature spectra (Figure 7) is the smaller relative intensity Contain some minor impurities, a clear distinction of isomers
of the 5Dy — 7F, transition for bothl and Il , which may I andIl from their emission spectra could be achieved. In
indicate changes in the Eusite symmetry or less thermal ~ Vview of the presence of more thad 2 1 bands for théDo
disorder. Also, more than three bands are observed for the— ‘F12 transitions due to both i and ii, we do not attempt a
5D, — 7F; transition region. This could be a consequence of crystal-field analysis of the energy levels.

(i) the resonance coupling of the excited-state electronic

crystal-field levels with low-energy vibrational excitations 8) Zhou, X. J.: Duan, C. K.: Tanner, P. 4. Phys. Chem. Solid2007

of the electronic ground state, for example, as for the simpler in press (doi 10.1016/j.jpcs.2007.05.023).
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