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Abstract In this study, new series of lanthanide 4,4-
oxybis(benzoates) of the general formula Lnyobas-nH,0,
where Ln = lanthanides from La(Ill) to Lu(IIl), oba =
C,HgO(COO);™ and n = 3-6, has been prepared under
hydrothermal conditions. The compounds were character-
ized by elemental analysis, infrared spectroscopy, X-ray
diffraction patterns measurements and different methods of
thermal analysis (TG, DSC, and TG-FTIR). In addition,
photoluminescence properties of the selected complexes
have been investigated. Crystalline compounds are iso-
structural in the whole series. Both carboxylate groups are
deprotonated and engaged in the coordination of Ln(III)
ions. Heating of the complexes leads to the dehydration
and next decomposition processes. Although of the same
structure, the removal of water molecules proceeds in
different ways. In the nitrogen atmosphere, they decom-
pose releasing water, carbon oxides and phenol molecules.
The complexes of Eu(IIl), Tb(Ill) and Dy(IIl) exhibit
photoluminescence in the visible range, whereas the com-
pounds of Nd(III) and Yb(III) in the near-infrared region
upon excitation by UV light.
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Introduction

The coordination polymers and metal-organic frameworks
have received extensive research attention as promising
hybrid materials owing to their extraordinary properties
such as multidimensional structure, high surface area and
sorption of small molecules [1-6]. They are generally
synthesized by self-assembly of metal ions as nodes and
organic ligands as connectors. Topology of coordination
polymers is influenced by many factors, such as geometric
preferences of metal ions, geometry of the organic linkers
and synthetic conditions (solvent, pH, temperature) [7-9].
The geometry of transition metals can dictate the mode of
coordination, whereas the control over the topology of
lanthanide coordination polymers is more difficult due to
the large and variable coordination numbers of Ln(III) ions.
However, many lanthanide coordination polymers or
lanthanide—organic frameworks have been investigated
because of their unusual architectures and superior func-
tional properties, such as high surface area and ability for
gases sorption [10-15], which make them particularly
attractive in applications. In addition, magnetic [16-18]
and catalytic [19] properties of lanthanide coordination
polymers are useful in the discovery of new functional
hybrid materials. The lanthanide ions offer an advantage
over other metals in the development of luminescent
materials. They show sharp intra f—f emissions bands in the
visible or near-infrared spectral regions when electronic
transitions occur in which make lanthanide MOFs poten-
tially applicable for lighting, optical storage and sensors
[20-22].

Polycarboxylate ligands are among the most important
and widely employed bridging linkers for the construction
of the coordination polymers because these anions can act
as bridging ligands with various coordination modes and
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they exhibit high affinity for Ln(IIl) ions. Multifunctional
O-donor ligands, such as derivatives of benzoic acid with
the carboxylate groups in positions: 1,4-; 1,3- or 1,3,5-,
have been widely explored in the preparation of lantha-
nide—organic frameworks, MOFs [12, 13, 18, 23, 24].
Recently, longer O-donor ligands, such as naphthalene-2,6-
dicarboxylate [25, 26], biphenylethene-4,4'-dicarboxylate
[27], biphenyl-3,4,5'-tricarboxylate [17] or 4,4'-oxy-
bis(benzoate) [28-32], have been employed as linkers in
the multi-dimensional lanthanide coordination polymers.

In this article, this author presents a new series of lan-
thanide complexes with 4,4’-oxybis(benzoic) acid obtained
under hydrothermal conditions. The thermogravimetric
(TG), differential scanning calorimetry (DSC) methods in
air and TG-FTIR coupled technique in nitrogen were used
to study the decomposition pathway of the investigated
compounds. In addition, photoluminescent properties of
Eu(IIl), Nd(III), Tb(II), Dy(Ill) and Yb({II) complexes
were studied. 4,4’-oxybis(benzoic) acid was chosen for the
synthesis of the lanthanide complexes because its flexible
and multifunctional coordination sites may generate mul-
tidimensional polymeric structures [28-32].

This study is continuation of this author’s research
concerning thermal and spectroscopic investigations of
lanthanide complexes with polycarboxylic acids [33-37].

Experimental

4,4'-oxybis(benzoic) acid (99%), cerium(IIl) nitrate(V)
hexahydrate (99.99%) and lanthanide oxides (99.9%) were
purchased from Aldrich without further purification. Lantha-
nide chlorides were prepared by dissolving 1 mmol of lan-
thanide oxide Ln,O5 (0.33 mmol of PrgO;; and 0.5 mmol of
Tb40O5) in hydrochloric acid and evaporated.

Sodium salt of 4,4’-oxybis(benzoic) acid was prepared
by the addition of two equivalents of sodium hydroxide to a
suspension of 4,4’-oxybis(benzoic) acid in deionized water.
10 mL of sodium salt (2 mmol, pH = 6.3) was mixed with
the aqueous solution of lanthanide(Ill) chloride [or cer-
ium(IIl) nitrate(V)] (15 mL, 2 mmol, pH = 4.5). The
obtained precipitation was heated in the Teflon-lined
autoclave under autogeneous pressure at 160 °C for 5 days,
followed by slow cooling to room temperature.

The contents of carbon and hydrogen in the compounds
were determined by the elemental analysis using a Perkin-
Elmer CHN 2400 elemental analyser (Table S1). The rare
earth elements were determined by ignition of the com-
plexes to Ln,O5;, CeO,, Pr¢Oq;, or Tb,O; oxides. The
contents of water were established from the TG curves and
elemental analysis.

The IR spectra of the free acid and the prepared com-

plexes were recorded over the range 4,000-400 cm™! in
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KBr discs using a Specord M80 Carl Zeiss Jena spectro-
photometer.

The X-ray powder diffractions of the studied com-
pounds were recorded on a HZG 4 diffractometer, using
Ni-filtered CuKo radiations. Measurements were taken
over the range of 20 = 5-50° with resolution of 0.05°.

Thermal analyses of the prepared complexes were car-
ried out by the thermogravimetric (TG) and differential
scanning calorimetry (DSC) methods using the SETSYS
16/18 analyser (Setaram). The samples (about 5-9 mg)
were heated in ceramic crucibles up to 850 °C at a heating
rate of 10 °C min~' in dynamic air atmosphere (v =
0.75 dm®> h™").

The TG-FTIR measurements have been performed using
the Q5000 TA apparatus coupled with Nicolet 670 spec-
trophotometer. The samples of about 6—10 mg were heated
up to 1,000 °C in 100 pL. open ceramic crucibles at a
heating rate of 20 °C min~' in flowing nitrogen atmo-
sphere (25 mL min~ ).

The photoluminescent spectra of the Nd(III), Eu(IIl),
Tb(II), Er(Ill) and Dy(IIl) complexes were recorded at
room temperature using a Photon Technology International
fluorescence spectrophotometer.

Results and discussion

A new series of lanthanide 4,4’-oxybis(benzoates) of the
general formula Lnyobas-nH,O (where Ln = lanthanides
from La(III) to Lu(IIl), oba = C12H80(COO)%7 andn =3
for Ce; four for Pr and Er; five for Eu—Ho, Tm and Lu; 5.5
for La and Sm; and six for Nd and Yb) have been prepared
under hydrothermal conditions in the reaction of lantha-
nide(TIT) chloride with sodium salt of 4,4'-oxybis(benzoic)
acid. Nitrate was used to prepare cerium complex. The
results from elemental analysis are given in supplementary
material (Table S1). The compounds are hardly soluble in
water and common organic solvents (ethanol, methanol,
benzene, dimethylformamide, and tetrahydrofurane). The
X-ray diffraction pattern analysis reveals that all com-
pounds are crystalline as seen in Fig. 1. Their peak posi-
tions are in good agreement with each other, and the most
intense bands appear at a very similar value of 260 angle
(5.7, 6.3,94, 114, 12.6, 17.1, 18.9 25.3, 31.75, 38.35 and
45) that can be indicative for the similar structure of the
whole series of complexes [38].

Infrared spectroscopy analysis

The IR spectra of the investigated compounds allow
insights into the chemical compositions of lanthanide 4,4'-
oxybis(benzoates). The most characteristic bands and their
assignments are shown in Table 1. The band positions are
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Fig. 1 X-ray diffraction  patterns of lanthanide  4,4'-
oxybis(benzoates)

almost the same in their infrared spectra, indicating that
all the complexes are of a similar structure. They show
characteristic bands for the asymmetric [v,s(COO)]- and
symmetric [vs(COO)]-stretching vibrations of the carbox-
ylate groups in the regions 1,544-1,512 cm~ ! and 1,432
1,405 cm™", respectively. These new bands prove that
lanthanide ions in the obtained compounds have been
coordinated with 4,4’-oxybis(benzoate) ligand successfully
[39]. The absence of the absorption bands of the nonion-
ized carboxylic groups of free acid at 1,690; 1,680 cm™!
[W(CO)]; 1,260 cm™' [W(COH)] and 936 cm™' [§(OH)]

confirmed the complete deprotonation of acid (Fig. 2). It is
concluded that the compounds are of polymeric structures
as a result of preferences of oba®~ ligand for bridging of
metal ions [28-32]. All spectra show broad bands in the
range 3,700-2,830 cm_l, which confirms the presence of
hydrogen-bonded water molecules in the structures. These
bands were assigned to the stretching vibrations of
hydroxyl groups v(OH) of water molecules. Stretching
vibrations v(Ca,0) from the aryl ether group Ca,—O-Cx,
were found in the region 1,264-1,256 cm~!. An intense
band in the range 1,624-1,596 cm ™! and weaker bands at
1,560; 1,544 and 1,504 cm™!' common to all compounds
were assigned to the stretching vibrational modes of aro-
matic rings v(Ca,Ca,). The bands at about 1,164; 1,096;
and 1,012 cm™' were assigned to the in-plane bending
vibrations of the ring. The remaining vibrational bands
present in the region 1,000-600 cm™" are characteristic of
1,4-disubstituted benzene rings and derived from the out-
of-plane bending vibrations of C,H bonds and out-of-
plane ring C,,Cx, bend [40].

TG-DSC analyses in air

The thermal stability and behaviour of the investigated
complexes during heating were investigated by means of
TG analysis, DSC in air and TG-FTIR coupled techniques
in nitrogen. All investigated compounds are stable at room
temperature. The thermal decomposition of lanthanide 4,4'-
oxybis(benzoates) in air proceeds in two main stages
including dehydration process and degradation of anhy-
drous species. Heating of the compounds resulted in the
release of water molecules in different pathways (Figs. 3, 4,
5, 6), although that the obtained complexes are isostruc-
tural. They generally start to lose water molecules in the

Table 1 Frequencies of characteristic absorption bands in the IR spectra of lanthanide 4,4’-oxybis(benzoates), (oba = C.zHgo(COO)?)

Compound v(OH) Vasym(COO) Veym(COO) W(CarCar) W(Cp0)
La,obay-5.5H,0 3,670-3,070 1,524; 1,512 1,412; 1,400 1,600; 1,560 1,260
Ce,obas-3H,0 3,650-3,000 1,524 1,408 1,596; 1,504 1,260
Pr,0ba;-4H,0 3,660-3,000 1,524 1,408 1,596; 1,504 1,264
Nd,obas-6H,0 3,650-3,080 1,528; 1,512 1412 1,600; 1,560; 1,504 1,264
Sm,obas-5.5H,0 3,670-3,080 1,524 1,412 1,596; 1,544 1,260
Eu,obas-SH,0 3,670-3,000 1,524 1,408 1,596; 1,504 1,260
Gd,obas-5H,0 3,680-3,080 1,532 1,416 1,596; 1,500 1,260
Tbyobas-SH,0 3,690-3,050 1,532 1,416 1,596; 1,504 1,260
Dy,obas-5SH>0 3,700-3,000 1,528 1,416 1,596; 1,504 1,260
Ho,obas-5H,0 3,700-3,000 1,536 1,416 1,596; 1,504 1,260
Er,obas-4H,0 3,650-3,100 1,533 1,406 1,596; 1,504 1,260
Tm,obas-5H,0 3,700-3,080 1,536 1,416 1,596; 1,504 1,260
Yb,obaz-6H,0 3,700-2,950 1,544 1,432 1,620; 1,596 1,260
Luyobas-5H,0 3,680-2,830 1,540 1,420 1,624; 1,596 1,256
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Fig. 6 TG curves of thermal decomposition (air) of complexes:
Tm,obas-5H,0, Yb,obas-6H,O and Lu,obas-5H,0. The inset shows

DSC curves recorded in the temperature of dehydration

Fig. 4 TG curves of thermal decomposition (air) of complexes:
szoba3~5.5H20, EU20ba3'5H20, GdzObﬂj},'SHzO and Tb20b33'5H20.
The inset shows DSC curves recorded in the temperature of
dehydration

Eu, Gd, Tb, Dy, Er, Tm and Ho complexes indicate that
range 40-75 °C but Ce and Pr complexes exhibit greater =~ water molecules are released in one step. Although, only
thermal stability (up to 120 and 110 °C, respectively). Also  one obvious weight loss is observed, the shapes of peaks on
evolution of water molecules occurs in various temperature  the DSC curves indicate that water molecules are liberated
ranges as can be seen from Table 2. The TG profiles of Sm,  in the overlapping stages (Table 2; Figs. 4, 5, 6). For the
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Table 2 Thermogravimetric data obtained during heating of lanthanide(IIl) 4,4’-oxybis(benzoates) in air atmosphere

Compound AT,/°C Evolved molecules ~ Mass loss/% T,/°C  AH/KI mol™!  AT; T4/°C  Mass loss/%
Cal. Found Cal. Found

La,obas-5.5H,0 50-110 1.5H,O 2.35 2.20 168 116 170-430 730 71.56 73.60
110-170 4H,0 6.29 6.51

Ce,obaz-3H,0 120-225 H,O 1.60 1.80 235 117 245-270 470 68.72 65.59
225-240 2H,0 3.29 3.21

Pr,obas-4H,O 110-220 1.5H,O 241 2.50 232 110 240-410 570 69.66 69.50
220-240 2.5H,0 4.01 4.40

Nd,obaz-6H,0 50-110 2H,0 3.09 9.00 160 180 170-410 660 71.12  71.69
110-170 4H,0 6.18

Sm,obas-5.5H,0 60-165 5.5H,0 8.47 7.95 150 220 165-440 670 70.15 70.40

Eu,obas-5H,O 50-165 5H,0 7.74 7.62 157 213 165-420 560 69.73 70.66

Gd,obas-5H,O 60-180 5H,0 7.67 7.52 167 233 180-450 590 69.10 67.93

Tb,obas-5H,O 55-188 5H,0 7.65 7.86 175 186 190-450* 585 68.52 69.13

Dy,obasz-5H,0O 55-190 5H,0 7.60  7.64 180 215 190-480 590 68.57  68.04

Ho,obasz-5H,0 75-185 5H,0 757 7171 179 248 190-480** 580 68.2 73.40

Er,obas-4H,O 70-162 4H,0 6.12 622 147 126 160-420 590 67.49  67.58

Tm,obas-5H,0 50-200 5H,0 7.50 6.90 169 204 200-460 600 67.75 67.67

Yb,0bas-6H,O 40-85 2H,0 2.94 2.57 170 137 170-460 600 67.53 67.88
85-170 4H,0 5.88 5.49

Lu,obas-5H,O 45-100 H>0 1.49 1.20 90 - 270-460 600 67.32 66.34
100-120 H,0 1.49 1.20 108
120-270  3H,O 3.63 540 159

AT,—temperature range of dehydration; T,—temperature of endothermic peaks (top); AH—value of enthalpy of dehydration reaction measured
for higher temperature; ATs;—temperature range of stability of Lnyobas; Ty—temperature of lanthanide oxide formation; *—temperature range

of mass loss of 2.85%; **—temperature range of mass loss of 4.47%

remaining compounds, two (La, Ce, Pr, Nd and Yb) or three
(Lu) better-separated stages of dehydration can be distin-
guished (Figs. 3, 6; Table 2). For Ce(Ill) and Pr(IIT) com-
pounds, departure of water molecules occurs in an entirely
different way compared with the remaining complexes. At
first, continuous weight loss is observed in a relatively
broad temperature range (110-225 °C) along with evolu-
tion of 1 or 1.5 water molecules. Next, a sharp mass loss
occurs in a narrow temperature range (220-240 °C) which
is accompanied by a sharp endothermic effect with the peak
top at 235 °C (for Ce) and 232 °C (for Pr). For the La, Nd,
and Yb complexes, the two-step dehydration process cor-
responds to release of 1.5 or 2 water molecules in the first
step and 4 molecules in the next one, respectively. Removal
of water molecules in the Lu compound takes place in a
more complicated way. Based only on the TG curve, it is
difficult to separate dehydration stages. However, profile of
DSC curve shows three subsequent endothermic effects at
90, 108 and 159 °C which allows us to postulate stepwise
dehydration (Fig. 6).

The highest temperature of the endothermic effect
assigned to the departure of water molecules in the group
of light lanthanide compounds (from La to Gd) is observed

for Ce and Pr compounds. In the remaining complexes (La,
Nd, Sm and Eu), endothermic DSC effects are observed at
168, 160, 150 and 157 °C, respectively. Considering the
dehydration process of heavy lanthanides (from Tb to Lu),
it is concluded that the lowest temperature of endothermic
effects connected with release of water molecules are
observed for the Lu and Er compounds (147 °C). For the
Dy, Ho, Tm and Yb compounds, the endothermic effects at
180, 179, 169 and 170 °C, respectively were recorded. The
dehydration enthalpies found for lanthanide 4,4'-oxy-
bis(benzoates) were in the range of 110-248 kJ mol .

We can assume that water molecules evolved at a lower
temperature are weakly bonded in the structure. They
probably occupy positions in the cavities being hydrogen
bonded with the metal-organic framework. On the con-
trary, water molecules depart at a higher temperature being
more strongly bonded in the investigated compounds,
which can be due to their different arrangements in the
structure or even coordination with metal ions.

Departure of the water molecules from the structures
leads to the formation of anhydrous compounds of the
formula Lnyobas, which are stable in various temperature
ranges. Only Ce,oba; is unstable, and it decomposes
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directly after the dehydration process without showing any
plateau. The remaining light lanthanide complexes are
thermally stable up to about 410-450 °C, whereas the
heavy lanthanide compounds demonstrate insignificantly
higher stability at 460-480 °C (except Er complex—
420 °C). For the Tb(IIl) and Ho(IIl) complexes in the
ranges of 190450 and 190480 °C, continuous mass los-
ses of 2.85 and 4.47%, respectively, are recorded. These
phenomena can be attributed to the incomplete removal of
solvent molecules from the structure or partial degradation
of anhydrous compounds. In addition, for the Ho complex,
small endothermic effect at 450 °C is observed.

Upon further heating, distinct weight losses observed on
the TG correspond to the degradation of Ln,oba; com-
pounds and burning of organic ligands. Lanthanide oxides
(CeO,, PrgOqy, TbyO; and Ln,O; for the remaining com-
plexes) are the final products of complexes decomposition
in air [41]. They are formed in the temperature range of
470-730 °C.

TG-FTIR analysis in nitrogen

The simultaneous TG analysis in nitrogen coupled with
the FTIR spectrophotometric analysis allows determining
the pathway of complexes decomposition in air-free
atmosphere (Table 3) and identification of their volatile

products of degradation. Based on the obtained results, it
is postulated that thermal stability of the complexes in the
nitrogen atmosphere slightly increased. The dehydration
process in the group of light lanthanide compounds occurs
almost in the same way as in air atmosphere. Only for the
Nd complex, departure of water molecules takes place in
a different way. The TG analysis of heavy lanthanide
compounds confirmed multi-step dehydration of the Lu
complex. We note that the TG curves of Tb and Er
complexes show two weight losses in the temperature
range of dehydration, whereas in air, only one stage was
observed. It is also established that the dehydrated forms
of complexes (Ln,oba;) are more thermally stable
(Table 3, supplementary materials Figures Al and A2) in
nitrogen compared with air atmosphere (Table 2). Among
light lanthanide compounds, Ce and Eu compounds start
to decompose at the lower temperatures, i.e., 310 and
450 °C, respectively. The compounds of heavy lantha-
nides begin to decompose at above 500 °C. Further
heating, resulted in the formation of lanthanide oxides in
the case of some complexes (La, Sm-Dy, Er-Lu), whereas
the remaining compounds (Ce, Nd, Pr and Ho) degradate
to undefined species (probably mixture of lanthanide
oxides and carbon).

The TG-FTIR analysis was performed to detect of the
volatile products of thermal decomposition of the

Table 3 Thermogravimetric data obtained during heating of lanthanide(III) 4,4’-oxybis(benzoates) in nitrogen atmosphere

Compound AT,/°C Mass loss/% (found) AT,/°C T5/°C (final solid product) Mass loss/% (found)
La,obas-5.5H,0 65-164 8.22 164-476 857 (Lay03) 72.64
Ce,obas-3H,0 108-183 1.67 1,000 (C 4+ CeOy) 64.80
83-248 3.60
248-310 6.70
Pr,obasz-4H,0 120-258 6.40 258-527 1,000 (C + PrgOyy) 51.37
Nd,obaz-6H,0O 92-166 9.10 311-510 1,000 (C + Nd,0O3) 50.50
Smyobas-5.5H,0 100-162 7.18 166-515 930 (Sm,03) 67.73
Eu,obasz-5H,0 56-175 8.00 174-450 550 (Eu,03) 69.60
Gd,obas-5H,0 55-178 8.00 178-460 653 (Gd,03) 70.00
Tb,obas-5H,0 67-193 7.65 290-504 795 (Tb40O7) 71.50
193-289 2.59
Dy,oba;z-5H,0 70-215 7.50 215-515 810 (Dy,03) 69.50
Ho,obas-5H,0 66-210 7.70 210-525 1,000 (C + Ho,0) 54.04
Er,obaz-4H,0 100-212 7.20 307-508 648 (Er,03) 69.03
212-307 2.52
Tmjyobasz-5H,0 100-210 6.85 210-510 590 (Tm,03) 67.21
Yb,obas-6H,0 60-180 6.00 180-523 930 (Yb,03) 67.19
Lu,obas-5H,0 60-90 3.07 247-512 1,000 (Lu,05) 64.50
90-116 2.30
116-247 4.11

AT,—temperature range of dehydration; AT,—temperature range of stability of Lnyobas; AT;—temperature of final products formation
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Fig. 7 Stacked plot of FTIR spectra of the evolved gases for
Layobasz-5.5H,0 (nitrogen)

investigated compounds during heating in nitrogen. The
Layobb;3-5.5H,0 compound was taken as a representative
of a series of 4,4’-oxybis(benzoates). The Gram—Schmidt
curve (supplementary material) clearly shows a weak peak
in the temperature range 80—180 °C and very strong peak
with the maximum at 560 °C. The TG-FTIR spectra
recorded up to about 250 °C show characteristic bands
in the wavenumber ranges 4,000-3,500 and 1,800—
1,300 cm™ "' assigned to the stretching and deformation
vibrations of hydroxyl groups v(O-H) from water mole-
cules (Fig. 7). The formation of stable intermediate prod-
ucts of dehydration (Lnyobas) is confirmed by the almost
linear Gram—Schmidt plot and a lack of absorption bands
on the FTIR spectra. Above 400 °C, a stacked plot of FTIR
spectra shows a characteristic doublet band with maxima
at 2,357 and 2,344 cm~! and those in the range 750-
600 cm ™!, because of stretching and deformation vibra-
tions of carbon dioxide molecules [42]. This product is
formed probably as a consequence of disruption of lan-
thanide—organic ligand bonds. At a higher temperature
(about 520 °C), besides CO, bands, a diagnostic double-
band at 2,181 and 2,107 cm™! due to the presence of

Fig. 8 FTIR spectrum of 0.50 4

T=590°C
volatile products of thermal
decomposition of
La,obas-5.5H,0 recorded at 0.40 4
480 °C
0.30
8
<
0.20 4
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carbon oxide is observed. Simultaneously, phenol mole-
cules are evolved as confirmed by the bands at: 3,058 cm”!
from the stretching vibrations of (Ca—H): 1,593 and
1,488 cm ™' due to the stretching vibrations of the aromatic
ring (Ca,Cap): 1,339 cem™! from in-plane bending mode of
(OH): 1,242 cm™' from the stretching vibrations of
(CaA0): 1,184; 1,057; 1,023 cm_l; and 863 cm ™! in-plane
and out-of-plane bending vibrations of (CH) groups,
respectively [40]. The most intense evolution of volatile
products (carbon oxides and phenol) was observed at
590 °C (Fig. 8). At higher temperatures, up to about
880 °C, only carbon oxides were detected as the products
of the complex decomposition.

Photoluminescent properties

Taking into account the excellent luminescent properties of
lanthanide ions within the carboxylate ligands, the lumi-
nescent properties of the selected compounds were inves-
tigated in the solid state at room temperature. The
Eu,obaz-5H,0, Tb,obas-5H,O and Dy,obaz-SH,O com-
plexes were chosen to investigate their photoluminescent
spectra in the visible spectral region [17, 43]. The emission
spectra of Nd,obaz-6H,O and Yb,obaz-6H,O compounds
were investigated in the NIR region. The emission spectra
of all compounds at the excited wavelength of 350 nm
display the characteristic f—f emissions of Eu(IIl), Tb(III),
Dy(I1I), Nd(III) and Yb(III) ions.

For the Eu,oba;-5H,O complex, four characteristic
bands are shown in Fig. 9. The emissions at 591, 616, 654
and 699 nm were assigned to the transitions from the
excited 5Do level to the multiplet F ;7 =1,2,3,4) levels
of the Eu(Ill) ions, respectively. The most intense transi-
tion is 5DO - 7F2, which implies red emission of the Eu
complex. The intensity of the Dy — 'F, transition of
electric dipole character is stronger than that of the
Dy — 'F, transition of magnetic dipole nature, and it

N\
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Fig. 10 Photoluminescent spectrum of Tb,obaz-5H,0

indicates asymmetric coordination environment of euro-
pium(III) ions [20, 22, 43].

The emission spectrum of the terbium complex, Tb,o-
bas-5SH,O (Fig. 10), exhibits the characteristic transitions
of °Dy — "F; (J = 3-6) of the Tb(IIl) ion. The band at
488 nm and doublet at 544 and 550 nm correspond to the
D, — F¢ and °D, — ’Fs transitions, respectively. These
emissions give an intense green luminescence. The weaker
emission bands at 580 and 618 nm originate from the
5D4 — "R, and 5D4 - 7F3 transition, respectively.

The characteristic yellow emissions of Dy(IIl) ions in
the Dy,obas;-5H,O complex are shown in Fig. 11. Two
peaks at 475 and 570 nm in the visible light region were
assigned to the *Fo» — ®Hysp and *Foj — ®Hy3)» transi-
tion, respectively.

The emission spectrum of the Ndyoba;-6H,0O complex
shows two characteristic f—f transition bands at 1,052 and

@ Springer

Fig. 11 Photoluminescent spectrum of Dy,obaz-SH,0
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Fig. 13 Photoluminescent spectrum of Yb,obaz-6H,0O

1,384 nm (Fig. 12). These bands were attributed to the
4F3/2 - 4111/2 and 4F3/2 - 4113/2 transitions of Nd(III) iOH,
respectively.
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The NIR spectrum of Yb,obbs;-6H,O complex displays a
broad peak upon excitation at 350 nm (Fig. 13). The split
band with the submaxima at 972, 997 and 1,018 nm was
assigned to the ’Es;, — 2F5, transition [17, 20-22, 43].

It is well known that water molecules quench the
emissions. Although all compounds have been obtained in
the form of hydrates, the characteristic emissions of Ln(III)
are still strong. This could be ascribed to high efficiency of
energy transfer from ligand to lanthanide ions.

Conclusions

In this article, a new series of lanthanide 4,4’-oxybis(ben-
zoates) coordination polymers has been characterized. The
whole series of complexes (from La to Lu) is of the same
crystal structure as can be deduced from their XRD pat-
terns. The oba’~ ligand coordinates Ln(IIl) ions through
both deprotonated carboxylate groups. Compounds are
thermally stable at room temperature but further heating
causes departure of water molecules in different ways.
Water molecules were detected in the FTIR spectra of
gaseous products of complexes decomposition. The dehy-
dration process yields formation of stable intermediate
products that are further degradated with evolution of
carbon oxides and phenol molecules (nitrogen). The
atmosphere of heating slightly influences on the pathway of
compounds decomposition, especially the increase in the
thermal stability of both hydrated and anhydrous com-
pounds. The complexes of Eu, Tb and Dy show red, green
and yellow light emission upon excitation by UV light. The
compounds of Nd and Yb emit light in the near-infrared
range of spectrum.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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