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Abstract

In this study,the new Eu(lll) complex was hydrothermally synthesimsthg oxygen donor ligand and
characterized by single crystal X-ray diffracticglemental analysis, solid UV-Vis spectroscopy, RTahd
photoluminescence properties. The crystal strecturalysis of complex fEEuQ;S](1) indicates that the
central lanthanide ions are coordinated by eighygen atoms in whickix oxygenatoms from four ssa
anionic ligands and two oxygen atoms from a coatiid water moleculesComplexl bridged by oxygen
atoms from carboxyl and sulfonate groups of thé legands are formed in 1D chains. The 1D chains ar
linked together with ligand ssdo form a 2D wave-like layers. All these wave-llayers are further
interlinked via strong hydrogen bonding interactimsulting in 3D architecture. Additionally, sol&tate
photoluminescence properties of compédxave been investigated in room temperature. THiegot energy
transfer mechanism via an Antenna effect in complexs been investigated in detail.

Keywords:Eu(lll) complex, crystal structure, antenna effect

Yeni Eu(lll) kompleksinin sentezlenmesi ve fotokigel 6zellikleri

Ozet

Bu calsmada, oksijen dondr ligandi kullanilarak yeni Eli(iceren lantanit kompleksi hidrotermal yéntem
ile sentezlenmi ve tek kristal Xsini kirinimi, element analizi, kati UV-Vis spekkagisi, FT-IR ve
fotoliiminesans 6zellikleri ile karakterize edijtmi  Eu(lll) kompleksinin [GHEUG,S](1) kristal yapisi
sekiz oksijen atomu ile koordine ofdunu gostermektedir. Burada alti oksijen atomu” ssayonik
ligandindan ve iki oksijen atomu ise koordine suekidlerinden gelmektedir. Kompleks ssa ligandinin
karboksil ve stlfonat gruplari ile kbpru kurarakioyutlu zincir olyturmaktadir. Bir boyutlu zincirler ssa
ligandlari ile birlikte iki-boyutlu dalga benzerabakalar olyturaktadir. Tum bu dalga benzeri tabakalar
gucli hidrojen bg etkilesimleri Gic-boyutlu mimari ile sonuglangtir. Buna ek olarak, komplekg)(in kati
durum fotoluminesans 6zellikleri oda sicgkida aratiriimistir. Kompleks igin anten etkisi ile dolayl enerji
transfer mekanizmasi detayli olarak gralmistir.

Anahtar kelimeler:Eu(lll) kompleksi, kristal yapi, anten etkisi.

“ Mustafa Burak COBAN, burakcoban@balikesir.ediattp://orcid.org/0000-0003-3488-5284
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1. Introduction Vis and photoluminescence properties this complex
will report in this work .
In recent years, the construction of coordination
polymers has been a field of rapid growth not only
for their intriguing topologies and diverse struets 2. Material and method
but also for their interesting chemical and phylsica
properties, such as magnetism, luminescence, gad. Materials and measurements
storage, sorption, separation, catalysis, non-tinea@ll chemical reagents and solvents were purchased
optical propertiesetc [1-6]. Intense research hasfrom Aldrich and used without further purification.
resulted in a great number of coordination polymer&lemental (C, H, N) analyses were carried out by
with new structures and interesting luminescencgtandard methods with a LECO, CHNS-932
and magnetic properties. In particular, lanthanidanalyzer. FT-IR spectra were measured with a
ions are interlinked by organic ;8ka and 2-stp Perkin-Elmer Spectrum 65 instrument in the range
and/or carboxylate groups to form many diversitpf 4000 — 600 cih Powder X-ray measurements
structures [6-9]. Moreover, these ions with specialere performed using Cu oK radiation fx, =
luminescent resulting from 4f electrons, which1.5418 A) on a Bruker-AXS D8-Advance
illustrate the coordination polymers are intriguingdifiractometer  equipped with a  secondary
and remarkable suitable for the development ahonochromator. The data were collected in the
technological devices [10]. Furthermore, Eu(lll)range 5° < 2h < 60° #1—6 mode with a step time of
compounds shows strong yellow luminescence ins (5 s < n < 10 s) and step width of 0.02°. Solid
the visible region, making them to be goodtate luminescence spectra in the visible and NIR
candidates for fluoroimmunuassays and structuraégion were measured at room temperature with an
and biological probes [11,12]. Due to the lanthanidANDOR SR500i-BL Photoluminescence
ions have poor absorption coefficient, the emissio8pectrometer, equipped with a triple grating and
intensities are very low. Using the suitableused an air-cooled CCD camera as detector. The
chromophore (antenna ligand or sensitizer), which measurements were done by using the excitation
absorbed as a strongly in the UV-visible region angource (349 nm) of a Spectra-physics Nd:YLF laser
transfer its energy to the excited states Ln(ds. with a 5 ns pulse width and 1.3 mJ of energy per
Therefore, the choice of appropriate ligand is vergulse as the source.
important [13,14].
2.2. Preparation of {{[Eu(ss3(H,0),](H-0)}(1)
Aromatic carboxylic ligands are good luminescenComplex 1 were preparedunder hydrothermal
chromophores, resulting in the intense luminescenegndition. A mixture of Eu(Ngs.(H,0)s (0.0428
of lanthanide ions. An important example of aj, 0.1 mmol) and kbsa (0.0254 g, 0.1 mmol) in 20
chromorphic  carboxylate ligand is the 5-m| of distiled water was sealed into a bomb
sulfosalicylic acid (Hssa). The choice of 5- equipped with a Teflon liner (45 ml) and then hedate
sulfosalicylic acid (Hssa) can be attributed to the140 °C for 5 days. The final pH values of these
following properties: 5-sulfosalicylic acid ¢ssa) reactions media are close to 4.0. Crystals of cerpl
has interesting biological activities, such as -anti1 (yellow) was collected and washed distilled water.
microbial, anti-fungal and anti-inflammatory Anal. Calcd (%) for GHsEUQ,S: C, 19.96; H, 2.15;
activities. The RBssa ligand involves three functionalFound: C, 19.92; H, 2.14.
groups, —SGH, —COOH and —OH, which can be
partly or fully deprotonated in different forms,2.3. X-ray structure determination
fabricating many novel architectures [15]. X-ray single crystal data for complet were
collected on a Xcalibur, Eos diffractometer using
In this work, EUl' ion is aimed to gain luminescenceMoKa radiation at room temperature (293 K). The
properties by antenna effect. After ligand-mediatetlata were collected for Lorentz, polarization and
excitation of the complex, it shows the charactiéris absorption effects using the analytical numeric
visible and/or near infrared (NIR) luminescence ofbsorption correction technique [18]. Using OLEX2
the corresponding Lh ion. This is attributed to [19], the structure was solved by direct methods
efficient energy transfer from the ligands to theusing SHELXS [20] and refined by full-matrix least-
central L' ion (antenna effect). In this context, wesquares based ongjf using SHELXL [20]. The
report the synthesis, structural characterizatiod a non-hydrogen atoms were refined anisotropically,
photophysical properties of novel Lanthanidewhile the hydrogen atoms, generated using idealized
salicylate organometallic complex, geometry, were made to “ride” on their parent atoms
{[Eu(ssa)(HO),].H20}, (1). The crystal structure of and used in the structure factor calculations. iDeta
complex 1 were previously reported at roomof the supramolecular-interactions were calculated
temperature [16,17]. Herein, the crystal structoire PLATON 1.17 program [21].
complex 1 have been re-determined by the single
crystal X-ray diffraction analysis and by FT-IR, UV
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3. Result and discussion Q

3.1. Structural description of complex 1

The crystal data and structure refinement details f
complex 1 are listed in Table 1. Selected bond
lengths and angles are summarized in Table 2
Possible hydrogen bond geometry (A, °©) and Q,
distance between ring centroids [A] are also given
Table 3. Representative structural diagrams o
complex 1 are shown in Figure 1, while packing
diagrams are given in Figures 2, 3 and 4. The X-ra
crystal structure analysis reveals that complex
consists of a Eu(lll) ion, one ssdigand, two
coordinated water molecules and one free wate

molecules in the asymmetric unit. The eight- g:'.“ o'
coordinated environment around each Eu(lll) centre ;

is completed by six oxygen atoms from four ssa 04
ligands and two oxygen atoms from a coordinated o7" og'
water molecule with Eu—-O bond lengths in the range Q\ ﬁ

of 2.257(10) — 2.657(10) A (Figure 1). All bond

distances and angles are comparable to similar Q= &
structures [16,17,22)]. oty 4B i

The ssaligand serves as sbridge linking four { \03

Eu(lll) ions by a bidentate bridging mode of the .. : . o
; . L2 Figure 1. (a) Perspective view of the coordination
sulfonate, a bidentate chelating-bridging modehef t environment of Eu(lll) ions ofomplex 1. Lattice

carboxylate, and a monodentate mode of hydrOXy\I/vater molecule and hydrogen atoms are omitted for

g;?/l;zn(sgteori(s:h?);niaﬁ).osj(lIall)ncijors]:iIgr?a?eridgriﬂpbsydarity' (b) the trigonal dodecahedron coordination
forming 1D chains. The neighbouring Htu polyhedron of Eu(lll) atom in compleg.

distance is 4.654 A. The adjacent phenyl ringssaf s
ligands are parallel with the vertical distance3afl ° -
A, which shows there exist strongr interactions in Qo0
the 1D chains (Figure 2). Moreover, the 1D chain = f

are linked together with ligand ssa to form a 2I[ \’h&%i\ 2 /6?7/“%" ,6;; /
wave-like layers (Figure 3). All these wave-like = %\ ™ i l'"a.rnl; " Y

layers are further interlinked via strong hydrogel P g § R P

bonding interaction resulting in 3D architecture I_:"/fo ! %'_\’di
(Figure 4). /

Figure 2. A view oft-nt interaction in the 1D infinite

Eu R
chains.
o/ \o\ o .
Eu ) :-I..
| °||
o |)\

J S

Eu Eu

Scheme 1. The coordination mode of ssa ligand o
complex ().

Figure3. The 2D wave-like layers in tlabd-plane.
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Table 1. Crystallographic data and refinement

parameters of compourid "1 b
Eu(1)
Chemical Formula EHEUGS
My 421.16
Crystal System Orthorhombic
Space Group Pbcn
alA 15.8832(13)
b/A 9.1963(6)
c/A 14.9987(11)
o B,y 90, 90, 90
VIA® 2190.8(3)
TIK 293(2)
z 8
pcak/g-crﬁ3 2554
p/mmd 5.956
Reflections Collected 5878
Independent Reflections 2232,{R0.068)
Ekg?;ﬁ (Ollﬂta) 06?{8890 Figure 4. A view of 3D framework stabilized by
s 1.015 hydrogen bonding interactions between different
layers inac plane (Hydrogen atoms have been
Table 2.Selected bond length (A), and bond angles omitted for clarity).
)
Eul-01 2.397(9) Eul-04 2.657(10)
Eul-02 2.388(10) Eul-0b5 2.426(10) Complex 1
Eul-03 2.257(10) Eul- 07 2.400(9) —
Eul-04 2.373(10) Eul -t 2.377(10) <
01 - Eul-02 69.6(3) 03 - Eul -'04 87.6(3) .
Ol-Eul-03 1253(4) O3-Eul-05 138.3(4) 8
Ol-Eul-04 76.2(3) 03-Eul-07 131.9(3) >
O1-Eul-04 12053) O3-Eul-08 77.4(4) —
O1-Eul-05 84.0(4) 04 -Eul-04 159.55(17) 2
01-Eul-0%7 76.4(3) 04 —Eul-05 149.0(4) [
Ol1-Eul-08 151.7(3) 04-Eul-07 73.3(3) b=
02-Eul-03 79.8(4) 04-Eul-08 98.5(3) —
02-Eul-04 109.04) OA-Eul-05 50.7(3)
02-Eul-04 70.3(3) O4—Eul-0% 120.0(3)
02-Eul-05 85.4(4) O4—Eul-08 72.3(3)
02-Eul-0% 143.9(4) O5-Eul-0O% 79.1(4) 10 20 30 40 50
02-Eul-08 136.6(3) O5-Eul-08 87.7(4)
O3-Eul-04 724(@) OT—Eul-  754(3) 20 /deg
08"
Symmetry transformations used to generate equivatems for Figure5. X-ray powder diffraction pattern of
(l:omplexl: (1)1/2-x,1/2+y,+z, (i) -1/2+x, Y-y, 1-@ii) 1-x, 1-y, complexl (Red-simulated CIF, Black-
-Z. !

experimental)

Finally, before proceeding to the photoluminescence
characterization, we note that PXRD patterns for
bulk microcrystalline sample of were consistent
with the exclusive presence of the phase identified
the single crystal experiment (Figure 5).

Table 3.Hydrogen bond geometry (A, °) and distance betwawncentroids (A) for comples.

D-H..A* D-H H.A D.A D-H..A __ Symmetry Code
O1-H1A..09 090 237 293(2) 120

O1-H1B..06 0090 228  3.130(13) 156 1-x,y,3/2-z
02-H2A..06 0.89 205 2.913(15) 165 1-x,y,3/2-z

02-H2B..09 0.89 246 297(2) 118
09-H9A...02 085 252 297(2) 115
09-H9B..01 0.85 238 293(2) 123

Cg()..C9Q)
Cg(1)...Cg(1) 4.167(7) 1xy,322
Cg(1)...Cg(1) 3.711(7) 1-x,1y,1-Z

D: Donor, A: Acceptor, Cg(l): Plane number | (=ringmber in () above),
Cg(1): C2-C3-C4- C5-C6-C7.

10
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3.2. FT-IR spectra and UV-Vis analysis e H3SSA
The FT-IR and solid state UV-Vis spectra of - Eu (1)
complexlwere shown in comparison with that of its
free ligand Hssa (Figures 6 and 7). As seen from
Figure 6, the broad peak at 3337 tindicates the
presence ofv(O-H) vibration associated with
coordinated water molecules [23]. The carboxyl
band of the free ligand 4dsa is found at 1657 ¢m
The absence of this band indicates thassd are
completely deprotonated in the form of ‘saamions
upon reaction with the metal ions [10]. For complex
1, two medium bands are at 1606 and 1379'cm 250 300 350 400 450 500 550
corresponding to the stretching vibrations of Wavelength (nm)

asymmetric and symmetric carboxyl groups. The

difference of asymmetric and symmetric vibration Figure 7. Solid state UV-Vis spectra of the free
bands is about 227 ¢hwhich indicating carboxylic ligand Hssa and its complex

groups are coordinated to '¥iin chelating mode '
[23]. The two peaks at 1468 and 1434°cmere 3t photoluminescence Properties
assigned to the skeletal vibration of benzene ri
bonds. The band at 1330 and 1255™cresulted

Intensity (a.u.)

™he solid state luminescent properties of the free

. . L ligand Hsssa and compled were investigated at
from asymmetric stretching vibration, whereas thej temperature in the visible region upon

bands at 1139 and 1043 ¢mvere caused by the excitation atle.= 349 nm (Figure 8). The free

symmetric stretching vibrations of the sulfonatqigand Hsssa shows broad emission bandiat=
groups in ss47]. The medium bands at 911 and 83255 nm in the blue-region, which may be assigned to

_1 . .
cm™ are ascribed to O-Eu-O stretching and thg,e ny+ or r>1* electronic transition intraligand
strong band at 670 chand the weak band at 809charge transfer (ILCT) [28].

cm’® are characteristic of Eu-O stretching vibration

[24]. To obtained results are in agreement witldalcomplex1 exhibit six characteristic peaks: 523 nm
from the single crystal X-ray analysis. correspond t6D;~>'F,, 577, 590, 618, 652 and 700
, _ __nm originating from the transition 8D, F; (J= 0-
Figure 7 show the UV-vis spectra of the free Ilganq) of the EU ion, respectively [29-32]. The

(Hsssa) and its Eu(lll) complex were recorded inpnearance of the symmetry-forbidden emission
solid state. In the absorption spectra of freentja 549 at 577 nm°Dy>'Fo) indicates that the El

there are two set of broad bandi The high energyq in complext possess the noncentro-symmetric
band maxima at 306 nm (32680 and th; other cyordination environment [33]. It is well known tha
absorption band maxima at 399 nm (25062°cfor 6 electric dipole®Dy—'F, transition is the most
(H3§sa) Ilgand. The absorptlon spectra of comileX jytense  emission  which  leads to yellow
indicated different absorption pattern as comp#ed | minescence, and hypersensitive transition, whose
its free I|gand Hssa. Thg dominated absorptlonlban%tensity is very sensitive to site symmetry, whitie
observed with the maxima at 426 nm (23474 EM magnetic dipole transitiofDy—'F; is insensitive

in the spectrum of complek, could be assigned 10 5 hardly varies with the coordination environment
n—m* or n—n* transition of the ligand kbsa. The 34 35]. The intensity ratio | De—'F) / |

shifthing of absorption band in the spectra of th Do—F1) is equal to ca. 12, indicating that the
complex 1 signify the Hssa ligand coordination g1y jons occupy non-inversion symmetry sites,

with lanthanide ion [25-27]. which is in accordance with the results of its &ng
crystal structural [36,37]. On the other hand, the
emission spectrum of complek indicates also a
Eu(1) broad emission band around 355 to 495 nm with the
maximum wavelength of 410 nm. In other words,
complex 1 show a broad band, the inefficient
|[H3SSA quenching of the ligand-centred emission can be
further seen from broad bands with low intensity.
The spectrum indicates that the energy transfen fro
the ligand to El| ion is moderately efficient [9].

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber [Cm'1]

Figure 6. IR spectra of the free ligangssia and its
complex.

11
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3,5%10°
3,0x10° =H3S5A
'S 2,5¢10%
s
=2,0x10* -
‘» =
< 1,5x10° o
= 1,0x10° 2
g
5,0x10°1 2
=
(]yf\ T T T - e
400 500 600 700
Wavelength (nm)
1,leoﬁm N 250 300 350 400 450 500 550
1.0x10° Wavelength (nm)
S
S 8,0x10°4 . o
= Figure 10. The excitation spectrum for complex
2 6,0x10°1 and absorption spectra of the fregssh ligand as
j&] .
= 4 0310 solid state.
2,0x10°
00 Y Y Y Y 4. Conclusion
400 500 600 700
Wavelength (nm) The new Eu(lll) based coordination polymer has

Figure 8. (a) The solid state emission spectrum ofpeen synthesized successfully under hydrothermal
the free ligand kbsa and (b) complekin the UV- condition with using 5-sulfosalicylic acid gssa)
Visible region at room temperatur,(= 349 nm).  jigand. The crystal structure of compléxhas been

re-determined by single x-ray diffraction analysis.
Generally, the lanthanide-based organic complexeand also complex characterized by FTIR, UV-Vis
due to the intraconfigurationakf->f transition are spectra, elemental analysis and also as a
parity- forbidden and also Ln ions have lowcomplementary characterization PXRD. Structural
absorption coefficient. Therefore, researchers hagalysis of compleg exhibits that each Eu(lll) ions
proposed the use of organic chromophores in the eight coordinated by oxygen atoms of §igands
lanthanide compounds which absorb light in the UNAnd ~ water  molecules. The  solid  state
region and transfer the excitation energy from thghotoluminescence properties have been
chromophore to central lanthanide ions via afhvestigated at room temperature in UV-Visible
antenna effect (Figure 9), which can be seen igion for free Hssa ligand and its compleix The
spectrum as the overlaps between the excitatigghotoluminescence measurement shows yellow
spectrum of the complex and the absorption spectemission for compleg, which is attributed to the f-f
of its free ligands (Figure 10) [38-40]. In briefly electronic transitions. Moreover, complgshows a
Lanthanide-sensitization processing consists @&ethr broad band, the inefficient quenching of the ligand
steps (Figure 9), (i) the ligands absorb the ener@entred emission can be further seen from the broad
and are excited to the singlet (S) excited state, (bands with low intensity around 355-495 nm. The
the energy of the (S) excited state is transfetwets  emission spectrum shows that the energy transfer
triplet (T) level via intersystem crossing (ISC)dan from ligands to compleg is moderately efficient. In
(iii) the energy is transferred to the 4f levelstbé generally, the coordinated water molecules can
Ln(lll) ions, resulting in the characteristic enmisss guench the emission of Ln(lll) ion, but compléx

of the sensitized Ln(lll) ions [40]. indicates intense emission, which also may be
accounted for by the sensitization of the ligandd a
Sa - the extensive system of the polymer structures.
S TR
™ T x S
T -
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