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ABSTRACT 

 A praseodymium-based coordination polymer with chemical formula 

[Pr(Hglu)(glu)phen·2H2O]∞ (phen = 1,10-phenanthroline, glu = glutarate) has been 

hydrothermally synthesized as single crystal, structurally characterized by X-ray diffraction, 

IR spectroscopy and ATG measurements. This compound crystallizes in the triclinic system, 

space group 𝑃1, with the following cell parameters: a = 9.8254(9) Å, b = 11.0617(9) Å, 

c = 12.8552(12) Å,  = 97.588(3)°,  = 108.427(3)°,  = 112.643(3)°, V = 1170.87(19) Å
3
 and 

Z = 2. The praseodymium cation is nine-fold coordinated by one chelating phenanthroline 

ligand, two mono-protonated glutarate ligands, and three fully de-protonated glutarate ligands. 

The crystal structure is 1D and can be described on the basis of double molecular chains that 

bridge di-nuclear units. Inside a di-nuclear unit, Pr(III)-Pr(III) distance is 4.0475(3) Å. Room 

temperature solid-state emission spectrum has been recorded under 295 nm excitation 

wavelength. It shows the characteristic peaks of Pr
3+

 ion between 480 and 750 nm. 

 

KEYWORDS: Praseodymium-based coordination polymer; Glutaric acid; Phenanthroline; 

Crystal structure; Luminescence. 
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INTRODUCTION 

 Lanthanide-based coordination polymers have attracted much attention because of 

their fascinating crystal structures [1–3] and their interesting magnetic [4–6] and luminescent 

properties [7–10]. The design of lanthanide coordination polymers is based on the size and the 

rigidity of the ligands as well as on their ability to participate to inter-molecular interactions 

(hydrogen-bonds, π-stacking interactions…). The lanthanide ions preferentially establish 

bonds with ligands that present donor oxygen atoms [6], [11–12] as di-carboxylate ligands 

that have been widely used in coordination polymers conception [13]. In particular, aliphatic 

di-carboxylate ligands allow diverse conformations due to the energetically favorable rotation 

of the central carbon chains leading to various possible geometries and coordination modes 

[14–16]. In addition, the O atoms of carboxylate groups can act as hydrogen-bond acceptors. 

 Luminescent properties of the lanthanide ions are governed by forbidden 4f → 4f 

transitions. Therefore, their molar absorptivity coefficients are very weak and their direct 

excitation is inefficient. This problem is overcame by using the so-called "antenna effect" 

[17]. It consists in exciting the ligand that transfers its energy to the lanthanide ion that finally 

de-excite radiatively. A phenomenon that is difficult to overcome in coordination compounds 

is the non-radiative de-excitation via O-H, C-H… vibrators in the vicinity of the lanthanide 

ions [18]. The use of bulky ligands prevents solvent molecules coordination. Rigid organic 

ligands such as 1,10-phenantroline have proved their efficiency [19-24]. However, these 

bulky ligands often lead to 0D complexes. In order to obtain coordination polymers, our 

synthetic strategy consists of mixing rigid bulk ligands, in order to protect lanthanide ions 

from solvent coordination molecules and insure an efficient antenna effect, and flexible 

ligands for binding together the metallic centers and constructing extended molecular 

frameworks. 
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 In this context, we have selected glutaric acid (HOOC(CH2)3COOH) as flexible 

ligand and 1,10-phenanthroline as rigid ligand. Indeed, beyond its protection aspect, 

1,10-phenantroline allows the construction of pseudo-2D or -3D frameworks via aromatic 

π-stacking interactions [25-27]. 

 To the best of our knowledge, two series of ternary lanthanide complexes with glutaric 

acid and 1,10-phenanthroline have been reported so far. They are listed in Table 1.  

Table 1. Reported lanthanide-based coordination polymers with glutaric acid and 

1,10-phenantroline as ligands. 

Ln Chemical formula Perspective view of the asymmetric unit reference 

Nd 

 

[Ln(glu)3(phen)2]∞ 

 

28 

 

Pr, Eu, Er, Yb 

 

29 

 

Y 

 

30 

Ce, Tb, Ho 

 

31 

Dy 32 

Tb, Ho 

 

 

 [Ln(glu)(phen)Cl]∞ 

 

28 

Y, Tm 

 

 

31 

 

 

 

 Data about the luminescent properties of these compounds are very scarce. Indeed, to 

the best of our knowledge, only the luminescence properties of Eu2(phen)2(C5H6O4)3 under 

direct excitation (exc = 395 nm) [29] and that of [Tb2(phen)2(glu)3]∞ and [Dy2(phen)2(glu)3]∞ 

via an antenna effect (exc = 280 nm and 340 nm, respectively) [31-32] have been reported so 

far. Discrepancy between these two excitation wavelengths is surprising and could be related 

to 
6
H15/2 → 

4
I9/2, 

4
F5/2 and 

4
D5/2 4f→4f transitions of Dy

3+
 ion that are all located at about 

340 nm [33]. Therefore it is of interest to estimate the antenna effect efficiency for lanthanide 

ions that present a small energy gap such as Pr
3+

. 
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 We report here the synthesis and crystal structure of a new praseodymium 

coordination polymer: [Pr(Hglu)(glu)phen·2H2O]∞, that has a pseudo-2D supramolecular 

architecture via π-stacking interactions. Its thermal behavior and luminescent properties are 

also reported. 

 

EXPERIMENTAL SECTION 

Materials and physical techniques 

 Experimental reagents were used as purchased without further purification. 

 IR spectrum was recorded in the solid-state, at room-temperature, on a Perkin-Elmer 

Spectrum II Model FT-IR spectrophotometer using ATR method in the 4000-400 cm
-1

 range 

with a 4 cm
-1

 resolution. 

 Thermogravimetric measurements were carried out in platinum crucibles from room 

temperature to 1000°C under nitrogen atmosphere with 5°C.min
-1

 heating rate, using a 

Perkin-Elmer Pyris-Diamond thermal analyzer. At the end of the experiment, the compound 

was maintained for 1 h at 1000°C under synthetic air to insure complete combustion. The 

residual solid has been identified as Pr2O3 by powder X-ray diffraction. 

 Excitation and emission spectra were recorded in the solid-state using powder sample 

pasted onto copper plate with silver glue on a Horiba Jobin-Yvon Fluorolog III fluorescence 

spectrometer equipped with a Xe lamp 450 W and a UV-Vis PMT (Hamamatsu R928, 

sensitivity 185 - 900 nm). Luminescence spectrum was recorded at room-temperature in the 

450-800 nm range. 

 

Synthesis of [Pr(Hglu)(glu)phen·2H2O]∞ 

 PrCl3.7H2O (0.0742 g, 0.2 mmol), glutaric acid (0.0396 g, 0.3 mmol), 

1,10-phenanthroline (0.0595 g, 0.3 mmol) and deionized water (10 mL) were mixed and 
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stirred for 30 min at room temperature. The pH value was about 4.20. The mixture was placed 

in a 25 mL Teflon-lined stainless-steel autoclave, and heated at 150°C for 3 days under 

autogenous pressure. Upon cooling to room temperature, green single-crystals suitable for 

X-ray diffraction were obtained. They were washed with distilled water and dried under 

ambient temperature and pressure. IR (cm
-1

): 3406(m, br), 2960(m), 2925(m), 2853(w), 

1717(m), 1576(s), 1547(s), 1530(m), 1460(s), 1418(vs), 1307(m), 1251(m), 1193(m), 

1144(m), 1102(m), 1064(m), 1042(m), 1022(m), 907(m), 851(s), 787(m), 773(m), 731(s), 

687(m), 652(s), 633(s), 586(m), 526(m), 416(m) (Figure S1). 

 

Crystallographic data collection and structure determination 

 A single crystal was selected for X-ray diffraction analysis. Data collection was 

performed, at 150 K, on a Bruker D8 Venture diffractometer, CCD area detector equipped 

with a graphite mono-chromatized MoKα radiation (λ = 0.71073 Å). The absorption 

correction was done with the multi-scan method [34].Crystallographic data and experimental 

details for structural analysis are summarized in Table 2. 

 The crystal structure was solved by direct methods with SIR2002 [35]. All the non-H 

atoms were refined anisotropically with SHELXL97 [36] using full matrix least squares on F
2
 

procedure from the WinGX [37] software. All the H atoms were placed at ideal positions and 

constrained to ride on their parent atoms. 
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Table 2. Crystal and final structure refinement data for 

[Pr(Hglu)(glu)phen·2H2O]∞ 

Formula  C22H25N2O10Pr 

Formula weight (g.mol
-1

)  618.35 

Crystal system  Triclinic 

Space group  𝑃1 
a (Å)  9.8254(9) 

b (Å)  11.0617(9) 

c (Å)  12.8552(12) 

α (°)  97.588(3) 

β (°)  108.427(3) 

γ (°)  112.643(3) 

V (Å
3
)  1170.87(19) 

Z  2 

Dc (g.cm
-3

)  1.7538 

T (K)  150 

µ (Mo-Kα) (mm
-1

)  2.141 

 range for data collection (°) 2.45-27.48 

F(000)  620 

R1  0.0167 

wR2  0.0421 

S  1.117 

CCDC n°  1996296 

 

RESULTS AND DISCUSSION 

Structural description of [Pr(Hglu)(glu)phen·2H2O]∞ 

 This praseodymium-based coordination polymer crystallizes in the triclinic system, 

space group 𝑃1 with two formula units per the unit-cell. There is only one Pr
3+

 ion in the 

asymmetric unit. It is nine-fold coordinated by two nitrogen atoms from a chelating 

1,10-phenanthroline molecule (phen), three oxygen atoms from two once protonated glutarate 

ligands (Hglu

) and four oxygen atoms from three glutarate ligands (glu

2
) (Figure 1). The 

coordination polyhedron is best described as a distorted capped square antiprism (C4v). It can 

be noticed that, in agreement with our strategy, there is no high energy vibrator (O-H or C-H) 

in the first coordination sphere of the lanthanide ions [38]. 
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Figure 1. Projection view of an extended asymmetric unit and coordination polyhedron of the 

Pr
3+

 ion (in inset) of [Pr(Hglu)(glu)phen·2H2O]∞. Symmetry codes: (i) x + 2, y + 1, z + 2; (ii) 

x + 1, y + 1, z + 2. 

 

 

 The glu
2

 ligand exhibits one bidentate chelating carboxylate group. Its second 

carboxylate group bridges two lanthanide ions in a monodentate fashion (Figure 2 left).The 

once protonated Hglu

 ligand acts as a bridging-chelating tridentate ligand by its deprotonated 

carboxylate function while its protonated carboxylate function is free (Figure 2 right) and 

points toward the inter-molecular space. 
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Figure 2. Coordinating modes of the fully deprotonated (glu
2

 left) and once deprotonated 

(Hglu

 right) glutarate ligands in [Pr(Hglu)(glu)phen·2H2O]∞. 

 

 The PrN bond lengths are 2.647(1) and 2.714(1) Å. The PrO bond lengths range 

from 2.410(1) to 2.732(1) Å. The mean Pr-O distance is 2.512 Å (Table 3), in agreement with 

what has been reported before for dicarboxylate rare-earths complexes [39-42]. 

 

 

 

 

 

 

 

 

 

 



11 

 

Symmetry codes: (i) x + 2, y + 1, z + 2; (ii) x + 1, y + 1, z + 2 

 

 A bi-nuclear praseodymium cage is formed by two bridging oxygen atoms (O21), 

from two once protonated glutarate ligands (Hglu

), that form a four-membered 

Pr1-O21-Pr1-O21 ring. The two praseodymium ions are further linked to each other by two 

bridging carboxylate clips (Pr1-O11-C11-O12-Pr1) from two fully deprotonated glutarate 

ligands. Inside this bi-nuclear unit, the Pr(III)···Pr(III) distance is equal to 4.0475(3) Å. The 

binuclear unit consists of two edge-sharing polyhedrons. The fully deprotonated glutarate 

ligand play the role of the linker between these bi-nuclear units (Figure 3).This ligand adopts 

Table 3. Selected bond lengths (Å) and angles (°) in [Pr(Hglu)(glu)phen·2H2O]∞. 

Pr-O11 2.410(1) Pr-O21 2.410(1) Pr-N1 2.714(1) 

Pr-O12
i
 2.479(1) Pr-O22

i
 2.523(1) Pr-N2 2.647(1) 

Pr-O13
ii
 2.527(1) Pr-O21

i
 2.732(1)   

Pr-O14
ii
 2.504(1)     

      

O21Pr1O12
i
 79.54(4) O21Pr1O14

ii
 150.79(4) O21Pr1O22

i
 125.36(4) 

O21Pr1O21
i
 76.36(4) O21Pr1O13

ii
 143.26(4) O22

i
Pr1O21

i
 49.10(4) 

O22
i
Pr1O13

ii
 72.82(4) O12

i
Pr1O22

ii
 79.19(4) O12

i
Pr1O21

i
 70.07(4) 

O12iPr1O14
ii
 91.86(4) O12

i
Pr1O13

ii
 137.18(4) O11Pr1O22

i
 86.71(5) 

O11Pr1O13
ii
 76.21(4) O11Pr1O21

i
 67.88(4) O13

ii
Pr1O21

i
 111.03(4) 

O14
ii
Pr1O13

ii
 51.89(4) O14

ii
Pr1O21

i
 127.01(4) O14

ii
Pr1O22

i
 79.30(4) 

O11Pr1O12
i
 134.21(4) O11Pr1O14

ii
 128.10(4) O11Pr1O21 73.79(4) 

N2Pr1N1 61.64(4) Pr1O21Pr1
i
 103.64(4)   

O22C21O21 120.30(15) O13C15O14 120.42(15)   

glu
2

 Hglu

  

O12-C11  1.276(2) O21-C21 1.271(2)   

O11-C11  1.255(2) O22-C21 1.257(2)   

O13-C15  1.254(2) O23-C25 1.205(2)   

O14-C15 1.282(2) O24-C25 1.316(2)   

C11-C12 1.517(2) C21-C22 1.514(2)   

C12-C13 1.541(2) C22-C23 1.533(2)   

C14-C13 1.530(2) C23-C24 1.525(2)   

C15-C14 1.513(2) C24-C25 1.508(2)   

Phen 
N2-C10 1.329(2) C1-C2 1.405(3) C7-C8 1.410(3) 

N2-C32 1.365(2) C3-C2 1.372(3) C9-C8 1.371(3) 

N1-C1 1.327(2) C4-C3 1.406(3) C10-C9 1.405(2) 

N1-C31 1.370(2) C4-C5 1.439(3) C31-C4 1.411(2) 

  C5-C6 1.352(3) C32-C7 1.408(2) 

  C7-C6 1.435(2) C31-C32 1.448(2) 
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the anti-gauche conformation: the torsions angles are [-167.84(15)°] for C11-C12-C13-C14 

and [69.93(20)°] for C12-C13-C14-C15. 

 

Figure 3. Projection view of the 1D molecular double-chains of [Pr(Hglu)(glu)phen·2H2O]∞. 

The phen ligands have been omitted for clarity. 

 

 The crystal structure can be described on the basis of double-molecular chains that 

spread parallel to the a-axis. These double chains are made of di-nuclear units linked to each 

other by fully deprotonated glutarate ligands. The molecular double chains are decorated by 

phen ligands that point toward the inter-chains space. π- stacking interactions along the b-axis, 

with 4.26 Å centroid-to-centroid mean distance, between adjacent parallel opposite phen 

ligands generate a pseudo-2D network (Figure 4).  The once protonated Hglu

 ligand bridges 

the two lanthanide ions of the dimeric units by its tridentate COO

 function. The protonated 

other carboxylate function points toward the inter-chain space and form strong H-bonds 

(Table 4) with crystallization water molecules (Figure 4). Hglu

 ligand adopts anti-anti 

conformation, the torsion angles are [179.29(16)°] for C21-C22-C23-C24 and [-176.26(16)°] 

for C22-C23-C24-C25. 
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Table 4. Hydrogen bonds geometry. 

DH
…

A D-H (Å) H
…

A (Å) D
…

A(Å) D-H
…

A (°) 

O1W-H2W
…

O2W  0.84(3) 1.87(3) 2.713(2) 173(3) 

O2W-H3W
…

O14
i
 0.90(3) 1.85(3) 2.7369(18) 172(3) 

O2W-H4W
…

O22
ii
 0.86(4) 1.93(4) 2.7804(19) 174(3) 

O1W-H1W
…

O12
iii

 0.84(4) 2.06(4) 2.8956(19) 175(3) 

O24- H24...O1W 0.84(2) 1.77(2) 2.62(2) 173(2) 

Symmetry codes: (i) 1 + x, y, 1 + z; (ii) 2  x, y, 1  z; (iii) x, y, 1 + z 

 

 

Figure 4. Projection view of the pseudo-2D molecular network of 

[Pr(Hglu)(glu)phen·2H2O]∞. -stacking interactions and H-bonds are symbolized by broken 

lines in yellow and blue respectively. 

 

 In this crystal structure shortest inter-metallic distances between Pr
3+

 ions that belong 

to different binuclear units are 7.6250(7) Å if the lanthanide ions belong to the same 

molecular chain and 10.343(1) Å for lanthanide ions that belong to adjacent molecular motifs. 

These quite long inter-metallic distances are in agreement with our synthetic strategy. 
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Infrared spectroscopy 

 The IR spectrum (Figure S1) shows the characteristic bands of the COO

 groups: the 

asymmetric stretching appears in the range of 1516-1576 cm
-1

, and the symmetric stretching 

are observed in the range of 1307-1460 cm
-1

 [27]. The band at 1717 cm
-1

 is characteristic of 

the asymmetric stretching of COOH group, in accordance with partial protonation of glutarate 

ligands (Hglu

) [25, 42, 43]. A broad band is observed at 3406 cm

-1
 that is assigned to OH 

stretching vibration of crystallization water molecules and of the hydroxyl group of Hglu

 

ligand. The presence of 1,10-phenanthroline ligand is confirmed by the characteristic (CH) 

out of plane bending vibrations that are observed at 731 and 851 cm
-1

 [27, 43], while (CH) in 

plane bending vibrations are observed around 1040 cm
-1

.Weak sharp peaks that can be 

assigned to Ln-O and Ln-N vibrations appear at lower wavenumbers (around 416 cm
-1

), 

supporting the coordination of the ligands [44]. 

 

Thermal analyses (TG/TDA) 

 The thermogravimetric curve is shown in (Figure 5). The compound starts to lose two 

crystallization water molecules from about 45°C to about 130°C in two steps, with an overall 

weight loss of 5.6% (calcd. 5.7%). Then, both glutarate ligands are successively removed: (i) 

Between 140°C and 340°C, an overall weight loss of 16.1% (calcd. 15.9%) is observed that 

probably corresponds to the departure in two steps of the Hglu
-
 ligand. These two steps can be 

related to the fact that one carboxylate function is bound to a lanthanide ion while the other is 

free. Indeed the first weight loss at 230°C (6.9%) corresponds to the departure of a CO2 

molecule (calcd. 7.2%) while the second at 320°C (9.2%-Calcd. 8.7%) corresponds to the 

departure of the alkyl chain (C4H6). (ii) Then, between 360°C and 400, the glu
2-

 ligand 

departure is observed associated with a 23.9% weight loss (Calcd. 23.8%). At last, the phen 
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ligand decomposes between 410°C and 900°C finally leading to Pr2O3 (27.4% weight loss; 

Calcd. 27.9%) [29]. 

 

Figure 5. Thermal analysis (TG/TDA) of [Pr(Hglu)(glu)phen·2H2O]∞. 

 

Photoluminescence properties 

 Room-temperature solid-state excitation and emission spectra of 

[Pr(Hglu)(glu)phen·2H2O]∞ have been recorded (Figure 6). The excitation spectrum strongly 

suggests that there is an efficient antenna effect from phen ligand to the Pr
3+

 ion [43].  
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Figure 6. Room temperature solid-state excitation (em = 613.5 nm) and emission 

(exc = 295 nm) spectra of [Pr(Hglu)(glu)phen·2H2O]∞. 

 

 The emission spectrum (exc = 295 nm) presents nine emission peaks with maxima 

centered at 486.5, 529, 545.5, 601, 613.5, 645.5, 679.5, 698 and 730 nm, respectively. These 

peaks can be attributed to the Pr
3+

 f-f transitions: 
3
P1 → 

3
H4 + 

3
P0 → 

3
H4, 

3
P1 → 

3
H5, 

3
P0 → 

3
H5, 

3
P1 → 

3
H6, 

3
P0 → 

3
H6 + 

3
P1 → 

3
F2, 

3
P0 → 

3
F2, 

3
P1 → 

3
F3,4, 

3
P0 → 

3
F3, 

3
P0 → 

3
F4, 

respectively [45-46]. The spectrum is dominated by the 
3
P0 → 

3
H6 + 

3
P1 → 

3
F2 transitions 

(maximum at 613.5 nm). It can be noticed that the dominant peak is unusually strong. Indeed, 

most often, this is the 
3
P0 → 

3
F2 transition, centered at about 640 nm that dominates the 

emission spectrum [47]. However, a major peak centered at 620 nm has already been reported 

[48]. The low quality of the emission spectrum doesn't allow any explanation. 

 

CONCLUSION AND OUTLOOK. 

 In this paper we have described the synthesis and the crystal structure of a new 

lanthanide-based coordination polymer with a bulky ligand (phen) and a flexible ligand 

(glutarate). The role of the bulky ligand is to provide an antenna effect and to avoid the 

presence of coordination water molecules in the first coordination sphere of the lanthanide ion 
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in order to prevent vibrational non-radiative de-excitation. The role of the flexible ligand is to 

connect the metallic centers to form an extended molecular framework. Results reported here 

demonstrate that this synthetic strategy is efficient. Indeed, a lanthanide based coordination 

polymer is obtained and an antenna effect toward Pr
3+

 ion is observed. Unfortunately, to date, 

despite great synthetic effort, we didn't succeed in obtaining isostructural compounds 

involving other luminescent lanthanide ions, such as Sm
3+

, Eu
3+

, Tb
3+

 or Dy
3+

, that could 

exhibit brighter luminescence in the visible region. Our group is currently working along this 

line. 

 

SUPPORTING INFORMATION 

 Room-temperature solid-state IR spectrum of [Pr(Hglu)(glu)phen·2H2O]∞ 
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