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Two novel coordination polymers were synthesized through the reaction of the Hpcpa2− ligand 
(H3pcpa = N-(4-carboxyphenyl)oxamic acid) with cadmium(II) and lead(II) metal ions, yielding 
[Cd2(Hpcpa)2(H2O)6]n⋅H2O (1) and [Pb(Hpcpa)(H2O)]n (2). Structural analysis by single-crystal 
X-ray diffraction revealed that 1 consists of one-dimensional zigzag polymeric chains, while 2 
is a three-dimensional polymer network. Additionally, investigations of their optical properties 
were carried out in a comparative study involving the previously reported pcpa-based coordination 
polymers {[Zn(Hpcpa)(H2O)3]·0.5H2O}n and {[Gd2(Hpcpa)3(H2O)5]·H2O}n], called here as 3 and 4, 
respectively. Under 330 nm excitation wavelength, all compounds exhibited broad emission bands 
spanning from 350 to 650 nm. Particularly, 1 and 3 displayed notable external quantum yields of 
15.4 and 12.8%, respectively, highlighting their potential in luminescent applications. 
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Introduction 

This is the golden age of materials. Every day new 
materials are actively developed to face the increasing 
demand of society for more adaptive approaches that 
can remodel our benefit: improved quality of life, better 
healthcare, environmental solutions, energy and time 
efficiencies, and lower manufacturing costs. To address 
those demands and their rapid scaling, molecular materials 
appear as game-changers in improving the performance, 
utilization and miniaturization of the materials thanks to their 
outstanding versatility. Those features consist in a crucial 
point to conceive the products of the future, leading to a 
new upcoming period of humankind: The Molecular Age.

In this respect, coordination polymers (CPs) constitute 
an important class of molecular materials that combine 
structural and physical-chemical properties.1,2 No wonder 
CPs have attracted much attention in recent years for 
many applications (processes) covering gas storage,3,4 gas 

separation,5-7 catalysis,8-10 environmental remediation,11-13 
energy harvesting,14,15 and chemical sensing.16-18 In fact, 
most applications of CPs are in molecule absorption, 
storage and separation3,7,19 while their electronic features are 
still a meagre field, and the first examples of luminescent20-22 
CPs were only recently reported.

The rational arrangement of π-conjugated organic 
moieties in a periodic lattice enabled the control of 
energy transfer processes (antenna effect),23-27 turning the 
material into a sensor for exogenous molecules that modify 
the luminescence.16,18 Besides this organic approach, 
metal-based luminescence was also used to incorporate 
functionality into the material. This fact is well exemplified 
by the lanthanide-based CPs, a family of materials known 
for their luminescence phenomena occurring in the visible 
range of the spectrum. These compounds exhibit many 
applications, including medical imaging,28,29 luminescent 
thermometers,30-34 white light-emitting compounds,35,36 and 
optical sensors.37-40

With this purpose, aromatic oxamato ligands have been 
widely used to obtain luminescent CPs with 3d  and  4f 
metal ions. The greatest advantage of this type of ligand 
is the ability to build CPs with predictable structures41-43 
and tuneable properties. Our group has been exploring the 
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coordination chemistry of oxamato ligands, particularly 
of the N-(4-carboxyphenyl)oxamic acid (H3pcpa),44-46 
a ligand that afforded a new class of CPs of transition 
metal. This ligand proved to be effective in binding first-
row transition metal ions such as Co(II), Mn(II), Zn(II) 
and lanthanide Eu(III), Gd(III) and Tb(III) ions, leading 
to CPs of formula {[M(Hpcpa)(H2O)3]·0.5H2O}n, and 
{[Ln2(Hpcpa)3(H2O)5]·H2O}n. Motivated by our previous 
works, we were driven to investigate the capability of the 
H3pcpa ligand to interact with metal ions commonly pointed 
as environmental threads on aquatic ecosystems, resulting 
in insoluble CPs. Herein, we report the synthesis, structural 
and spectroscopic characterization, and optical properties 
of two novel coordination polymers based on Cd(II) (1) or 
Pb(II) (2) and the pcpa ligand obtained in the form of both 
single-crystals and polycrystalline samples.

Experimental

General information

All chemicals were of reagent-grade quality, purchased 
from commercial sources (Sigma-Aldrich, Saint Louis, 
USA) and used without further purification. The synthesis of 
the proligand N-(4-carboxyphenyl)oxamic acid (EtH2pcpa) 
and its corresponding deprotonated sodium salt of formula 
Na2Hpcpa⋅xH2O followed previous reports.45,46 Elemental 
analyses (Thermo Scientific™ FLASH  2000 CHNS/O 
Analyzers, Waltham, Massachusetts, USA), infrared 
(Spectrum 400, PerkinElmer, Waltham, Massachusetts, 
USA) and electronic spectrum (Lambda 45, PerkinElmer, 
Waltham, Massachusetts, USA) were performed at Central 
de Análises Multiusuária (CAM) of Universidade Federal 
de Goiás. Infrared spectra were recorded on powdered 
samples of 1 and 2 as KBr pellets. The electronic 
absorption spectrum of Na2Hpcpa·xH2O was recorded in 
aqueous solution (cM = 1.0 × 10–5 M) at room temperature 
with a PerkinElmer UV/Vis/NIR spectrophotometer 
(Walthan, USA). 1H NMR spectrum of Na2Hpcpa⋅xH2O 
(Figure S1, Supplementary Information (SI) section) 
was recorded at room temperature on a Bruker AC 500 
(500  MHz) spectrometer (Billerica, Massachusetts, 
USA) by using deuterium oxide as a solvent and internal 
standard (d = 4.80 ppm). Found signals (D2O; 500 MHz, 
ppm) 7.55 (d, 2H, J 8.7 Hz) and 7.83 (d, 2H, J 8.7 Hz). 
The thermogravimetric analysis (TGA) was performed 
on powdered samples of 1 and 2 under a synthetic air 
atmosphere within the range of 30-650 °C with a Netzsch 
STA 449 F3 Nevio Nevio (NETZSCH-Gerätebau, Selb, 
Germany) thermobalance operating at a heating rate 
of 10 °C min-1. Powder X-ray diffraction (PXRD) data 

were collected for polycrystalline powders of 1 and 2 in 
a Bruker D8 Discover (Bruker, Billerica, Massachusetts, 
USA) powder diffractometer, using Cu Kα radiation 
(λ = 1.54177 Å) at a voltage of 40 kV and a current of 
40 mA in the 2θ range 5.00-50.00° with step-size of 0.01° 
by Centro Regional para o Desenvolvimento Tecnológico 
e Inovação (CRTI) of Universidade Federal de Goiás.

Synthesis of [Cd2(Hpcpa)2(H2O)6]n⋅H2O (1) and  
[Pb(Hpcpa)(H2O)]n (2)

Compounds 1 and 2 were prepared by a mixture of an 
aqueous solution of Na2Hpcpa (0.3 mmol, 0.076 g) and an 
aqueous solution of Cd(NO3)2·4H2O (0.3 mmol, 0.098 g) 
and Pb(NO3)2 (0.3 mmol, 0.099 g) on the other side. Yield: 
80% (1) and 86% (2). Anal. calcd. for C18H24Cd2N2O17 (1): 
C 28.24; H, 3.13; N, 3.66. Found: C 28.93; H, 3.12; N, 
3.52%. Anal. calcd. for C9H7NO6Pb (2): C, 25.00; H, 1.62; 
N, 3.24. Found: C, 26.90; H, 1,22; N, 3.38%. Selected IR 
data (KBr) ν / cm-1 3438, 3325, 1677, 1654, 1520, 1410, 
for 1; 3430, 3320, 1673, 1661, 1533, 1497, for 2. The 
colorless needle-like crystals of 1 and 2 were obtained by 
slow diffusion in H-shaped tube with an aqueous solution 
of Na2Hpcpa (0.1 mmol, 0.037 g) placed on one side of the 
tube and an aqueous solution of Cd(NO3)2·4H2O (0.1 mmol, 
0.0308 g) and Pb(NO3)2 (0.1 mmol, 0.0331 g) on the other 
side after standing at room temperature for five days. 

Crystallographic data collection and refinement

Room temperature intensity data were collected on 
a Bruker-AXS Kappa Duo diffractometer (Billerica, 
USA) equipped with an APEX II CCD detector 
with either Cu Kα (λ = 1.54178 Å, compound 1) or  
Mo Kα (λ = 0.71073 Å, compound 2). Multi-scan 
absorption correction was applied to both raw datasets, with 
ratio between the minimum and maximum transmission 
factors of 0.822 and 0.923 for 1 and 2, respectively. The 
structures were solved with SHELXS and refined with 
SHELXL-2018.47 Isotropic displacement parameters 
were used for hydrogens and were 20% higher than the 
equivalent isotropic displacement (Ueq) values of the 
bonded carbon or nitrogen. This value was 50% in the 
case of water hydrogens. The hydrogens were initially 
positioned taking into consideration both intramolecular 
features and intermolecular surroundings and then their 
positions were constrained following a riding model (except 
for water hydrogens, which were first localized from the 
difference Fourier map and then fixed without further 
oscillation). The structure analyses and drawings were 
performed with MERCURY48 and ORTEP-349 programs. 
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A summary of the single crystal X-ray diffraction intensity 
collection experiment and the crystal data treatment is 
shown in Table 1. It is worth to mention that crystals 
of compound 1 have presented poor quality, diffracting 
with low intensity even at medium resolution shell and 
with some twinning, which resulted in a somewhat large 
symmetry factor (Rint) and low completeness reported in 
Table 1. Also in 1, large residual electronic density peaks 
were found near to the transition metal ion site.

Optical measurements

Diffuse reflectance spectra were measured in a 
PerkinElmer Lambda WB1050 spectrometer (Waltham, 
USA) equipped with a Praying Mantis diffuse reflection 
accessory in the range of 250-1300 nm at room temperature. 
Photoluminescence (PL) emission spectra of the solid 
samples were measured using a Horiba-Jobin Yvon 
spectrofluorimeter, Model Fluorolog-3 (FL3-221), 

under excitation with a 450 W Xe lamp and Hamamatsu 
photomultiplier photon detector in the UV-Vis region. 
The excitation and emission bandpass were 1.0 nm. PL 
emission was corrected for the spectral response of the 
monochromators and the detector using a typical correction 
spectrum provided by the manufacturer. Quantum 
yields  (QY) were acquired using an integrating sphere 
(Quanta-φ equipment, F3029, Horiba Jobin Yvon, New 
Jersey, USA) of Spectralon® coupled employing optical 
fibers. The internal and external quantum yields (iQY and 
eQY) were calculated following the method developed by 
Wrighton et al.50 where iQY (%) = (Es/(Lstd – Ls)) × 100,  
where Es the number of emitted photons from the sample, 
Lstd and Ls the number of reflected photons from the 
reflection standard and from the sample, respectively, 
with (Lstd – Ls) being the number of photons absorbed by 
the sample. The external QY (eQY (%) = Ls/Lstd × 100) 
is the ratio between the number of emitted photons from 
the sample and the number of reflected photons from the 

Table 1. Crystal data and refinement parameters for compounds 1 and 2

Compound 1 2

Chemical formula C18H24Cd2N2O17 C9H7NO6Pb

Crystal system monoclinic monoclinic

Space group P21/c P21/c

Z 4 4

Unit cell dimension

a / Å 7.4735(2) 12.6456(5)

b / Å 26.5285(6) 6.7550(3)

c / Å 12.6707(3) 12.8100(5)

β / degree 91.1390(10) 108.491(2)

Volume / Å3 2511.61(11) 1037.75(7)

Densitycalc. / (g cm-3) 2.024 2.767

Absorption coefficient / (μ mm-1) 14.357 (Cu Kα) 16.275 (Mo Kα)

Theta range for data collection (θ) / degree 3.332-66.347 1.698-25.051

Index range

h -8 to 8 -14 to 15

k -29 to 31 -7 to 8

l -10 to 14 -15 to 15

Data collected/Unique reflections / I > 2σ(I) 11318/4246/3652 11079/1831/1737

Symmetry factor (Rint) 0.1035 0.0497

Completeness to θmax / % 96.3 99.8

F(000) 1512 792

Refined parameters 352 154

Goodness-of-fit on F2(S) 1.003 1.049

Final R1
 factor [I > 2σ(I)] 0.0702 0.0173

wR2
 factor (all data) 0.1839 0.0447

Largest diff. peak/hole / (e Å-3) 3.238/-1.658 0.871/-0.812

CCDC deposit No. 2102736 2102735

a,b,c,α,β: unit cell parameters; Z: formula unit per unit cell; F(000): structure factor in the zeroth-order case; F2 : squared structure factor; wR2: R-value 
for F2 ; CCDC: Cambridge Crystallographic Data Centre.
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reflection standard, i.e., the total number of photons incident 
over the sample. This method is accurate within 10% of the 
measured values.50 The luminescence decay curves were 
measured by using a pulse light from a nanoled as excitation 
source at 340 nm (ca. 1 ns width pulses and 1  MHz 
frequency) and a Horiba PPD-850 picosecond photon. The 
CIE1931 (x,y)51 color coordinates and the respective color 
diagram were calculated from the luminescence spectra. All 
optical measurements were recorded at room temperature 
using finely ground powders.

Computational details

The full geometry optimization of the ligand was 
computed by the density functional theory (DFT) method 
in water as solvent followed by the frequency analysis of 
the normal modes in the same medium. The normal mode 
frequency analysis reported only real positive numbers 
for vibrational frequencies, ensuring the location of a 
minimum in the potential energy surface. The water solvent 
was simulated by polarizable continuum model (PCM).52 
The time-dependent density functional theory (TD-DFT) 
within the frame of PCM water solvent was also applied to 
compute the transition energies and the oscillator strengths 
that can be related to the absorption spectra. In the TD-DFT 
calculations, 70 electronic excitations to singlet excited 
states were considered. The exchange correlation function 
M062-x53 and the Def2-TZVP54,55 basis set were employed 
in both DFT and TD-DFT calculation. All calculations were 
performed by Gaussian 16 software.56 The molecular system 
used in the electronic structure calculations was based on the 
double deprotonated Hpcpa2− dianion, in which there are no 
protons bonded to the oxygen atoms of the ligand.

Results and Discussion

Synthesis and characterizations 

The slow diffusion in an H-shaped tube proved to 
be a good methodology to obtain single-crystals of 
coordination polymers with metal ions with the proligand 
[N-(4-carboxyphenyl)oxamic acid (H3pcpa)].44,45 On the 
other hand, the polycrystalline samples were obtained by 
mixing aqueous solutions of the stoichiometric amounts 
of the corresponding reagents. Indeed, the PXRD patterns 
of the polycrystalline samples (Figures S2a and S2b, SI 
section) are identical to the calculated ones from the single-
crystal XRD analysis, confirming a pure crystalline phase 
of the bulk materials. The polycrystalline compounds of 
Zn(II) and Gd(III), named here as 3 and 4, were obtained 
as described in the literature.45,46

The infrared spectra of 1 and 2 (Figures S3a and S3b, SI 
section) are similar. They show broad absorptions centered 
at 3438 and 3430 cm-1, respectively, due to ν(O-H) from 
the hydrogen-bonded water molecules. The slight shifts of 
the ν(COO) characteristic frequencies centered at 1678 and 
1654 (1), and 1673 and 1661 cm−1 (2) compared to those 
of the Na2Hpcpa⋅xH2O (1679 and 1648 cm−1, Figure S4, 
SI section) are expected since the carboxylate groups are 
already involved in coordination interactions with metal 
ions in the sodium salt of the ligand.

The TGA (thermogravimetric analysis) profiles of 1 
and 2 (Figures S5a and S5b, SI section) show that the 
compounds are stable up to 300 °C. Compound 1 exhibits 
a first loss of 13.5%, which can be attributed to a non-
coordinated water molecule and six coordinated water 
molecules by an endothermic process observed in the 
DSC graph occurring between 74 and 109 °C. Differently, 
compound 2 does not show water loss up to 300 °C because 
the powdered samples in this case were vacuum dried and 
this proceeded to remove this molecule. The differences 
observed in the elemental analysis values and in the PDRX 
partner of 2 corroborate this result. Then, a nearly plateau is 
observed until around 300 °C, where losses related to ligand 
degradation occur through two exothermic processes seen 
in the DSC in the temperature ranges between 364-427 (1) 
and 374-472  °C  (2). From this temperature, the final 
residues of thermal decomposition can be attributed to the 
formation of the respective metal oxides (CdO and PbO).

Structural descriptions 

Compounds 1 and 2 crystallize in the P21/c space group 
of the monoclinic system. However, the asymmetric unit 
in 1 consists of two Cd(II) ions, two Hpcpa2- ligands, six 
coordinated water molecules and another non-coordinated 
one (one lattice water), whereas in 2 there is only one 
Pb(II) ion, one Hpcpa2- ligand and one coordinated water 
molecule. In both compounds, each Hpcpa2- ligand is 
present with two carboxylate groups while the nitrogen 
atom from the oxamate moiety remains protonated. 
The overall backbone of the two crystallographically 
independent ligand molecules in 1 and 2 is close to planarity 
root-mean square deviation (RMSD) for all fifteen non-
hydrogen ligand atoms fitted onto the molecular least-
square plane is 0.289 and 0.149 Å for ligands labelled 
as A and B in 1 and 0.0920 Å in 2. Notably, ligand A 
in 1 is more twisted than others reported here, which is 
a consequence of its higher torsion angles between the 
phenyl and oxamate (8.1 (ligand A, 1), 3.6 (ligand B, 1) 
and 1.8° (2)), and the phenyl and carboxylate moieties (8.7 
(ligand A, 1), 6.2 (ligand B, 1) and 1.8° (2)). Both Cd(II) 
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and Pb(II) ions are seven-coordinated. While Cd1 is bonded 
to two oxamate oxygen atoms from ligands A and B, Cd2 
is bonded to the two oxygen atoms of their carboxylate 
groups at the para-position. In both crystallographically 
independent Cd(II) ions, one water molecule is coordinated 
near the ligands oxygen atoms, forming a distorted basal 
plane of a pentagonal bipyramidal geometry (RMSD for 
the basal plane atoms Cd1, O2A, O3A, O2B, O3B and 
O3WA is 0.224 Å, and 0.225 Å for the basal least-square 
plane calculated through the atoms Cd2, O4A, O5A, O4B, 
O5B and O3WB) which is completed with other two 
water molecules bonded at the axial positions (O1WA and 
O2WA for Cd1; O1WB and O2WB for Cd2; coordination 
bonds and angles are listed in Table S1, SI section). Such 

coordination pattern gives rise to the main feature of the 1, 
which is the formation of one-dimensional zigzag fashioned 
polymeric chains along the c-axis (Figures 1 and 2). 

The intra-chain stability is also achieved from classical 
hydrogen bonds involving water molecules (see Table S2, 
SI section for interactions metrics), which also cross-
link different chains packed on top of each other. On the 
other hand, Pb(II) adopts a capped trigonal antiprismatic 
geometry in 2 described in this study, with the coordinated 
water oxygen at the capping. All five oxygen atoms from 
the ligand are coordinated to Pb(II), and one of them is 
bidentate (O1; Figure 3). Differently from 1, a three-
dimensional polymeric network is assembled when the 
Hpcpa2- ligand reacts with Pb(II) ions (Figure 4) with 

Figure 1. The one-dimensional coordination polymer formed in the crystal structure of 1. Non-hydrogen and hydrogen atoms are drawn as 50% probability 
ellipsoids and arbitrary radius spheres, respectively. All non-hydrogen atoms in the asymmetric unit were labelled. Cyan dashed lines illustrate hydrogen 
bonds (the O-H…O intra-chain ones and those involving the amine group and the lattice water). The atom labels with a superscript letter do not belong to 
the asymmetric unit and were generated by symmetry: (i) x, ½–y, –½+z; (ii) x, y, −1+z.

Figure 2. The role of inter-chain hydrogen bonds (cyan dashed lines) in the crystal structure of 1.
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classical hydrogen bonds involving the unique water 
molecule (see Table S2, SI section).

Optical results and theoretical calculations

Figure 5 depicts the experimental and theoretical 
UV-Vis absorption spectra of the ligand in water. The 
black dashed line represents the UV-Vis experimental 
results, which shows a narrow absorption band with a 
maximum at 271.9 nm as the lowest electronic transition 
energy in the UV-Vis region. The red continuous line is 
the convoluted theoretical absorption spectra computed 
by TD-DFT transition frequencies (wavelengths) and 
oscillator strengths (absorbance intensity), which are shown 
by red bars under the absorption bands. The convolution 
of the bar spectra was made by a Gaussian function with a 
full width at half maximum of 30 nm. The full theoretical 

spectrum was redshifted by 25 nm to a better comparison 
with the experimental one. The first forbidden electronic 
excitation in the TD-DFT calculation appears in 247.8 nm 
with the main contribution given by the transition from the 
highest occupied molecular orbital (HOMO) to the lowest 
unoccupied molecular orbital (LUMO). The inset a in 
Figure 5 represents the electron transition between these 
molecular orbitals that are responsible for the experimental 
absorption band in 271.9 nm. The TD-DFT suggests that 
the narrow band occurs due to a single HOMO-LUMO 
contribution to the transition with an oscillator strength 
of 0.6438 a.u. because all other electronic transitions in 
this energy region are prohibited or almost prohibited. An 
example is the HOMO-LUMO+1 transition in 242.4 nm 
which has very small oscillator strength (0.0164 a.u.) 
implying little effect in the lowest energy absorption band. 
The full-range experimental UV-Vis spectrum record 

Figure 3. Perspective view of the crystallographic independent Pb(II) ions with its coordination sphere in 2. Ellipsoids are drawn with 50% of probability 
for the non-hydrogen atoms of 2 (hydrogens are pictured as arbitrary radius spheres). All non-hydrogen atoms which are asymmetric units were labelled 
without superscript letters. Symmetry codes: (iii) –1+x, ½–y, –½+z; (iv) 2–x, –½+y, ½–z; (v) –1+x, y, z; (vi) 1–x, –½+y, ½–z.

Figure 4. The three-dimensional coordination network assembled in the crystal structure of 2. A two-dimensional sheet fragment (top), wherein Pb and 
O atoms responsible for its linkage to other sheet fragments (bottom) are depicted as grey and red balls, respectively. Some oxygen atoms are labelled for 
better comprehension. 
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from 200 to 800 nm (inset b in Figure 5) shows no other 
absorption features in other lower energy regions.

Diffuse reflectance (DR) spectra for 1-3 and for and for 
the Na2Hpcpa ligand are depicted in Figures S6a-S6d (SI 
section), respectively. The spectra present the band edge 
absorption near 330-340 nm with reflectance greater than 
90%. The similar characteristics of DR spectra 1-3 are 
expected since the compounds show similar structures. 
From the DR spectra and using the Kubelka-Munk 
theory,57,58 the optical band gap (Eg) was determined 

and calculated from the [F(R∞)hv]2 vs. hv plots (insets 
in Figures  S6a-S6c), and the values of 3.84, 3.51 and 
3.56 eV for 1, 2 and 3, respectively, are typical values of 
non-conducting materials, the detailed method description 
of Eg is presented in Supplementary Information section. 
The Eg for the gadolinium(III) compound, called here as 4, 
was determined in our previous work,46 being 3.52 eV, as 
well as those for Tb3+ and Eu3+ complexes, 3.43 and 3.61 eV, 
respectively. For Na2Hpcpa ligand is found a Eg = 3.70 eV. 

Excitation spectra of 1-4 and Na2Hpcpa ligand were 
recorded by monitoring its corresponding emission bands 
(Figure 6a). They present similar spectral characteristics, 
consisting of wide bands between 260 and 390 nm. 
The emission spectra, Figure 6b, were collected under 
330 nm excitation wavelength. All emission spectra 
consist of a broadband spread from the deep blue to the 
red region (360 to 650 nm) with maximum centered at 
ca. 452 nm (1) and 436 nm (2), 413 nm (3), 422 nm (4), 
and 410 nm Na2Hpcpa. The narrow band in the emission 
spectrum of (4) is due to the Eu3+. The observed red-shift in 
the position of the emission band could be attributed to the 
different crystalline field experienced by the different ions 
in their symmetry site due to the different coordination, 
changing the crystalline field and shift the emission 
position.59 The CIE1931 colorimetric coordinates are 
shown in Figure 7 and Table 2. For Na2Hpcpa the CIE 
values lie in the blue-deep color region, and for 1-4 

Figure 5. Experimental (dashed black line) and the convoluted theoretical 
(solid red line) UV-Vis spectra of the ligand in water. The red bars are the 
wavelength and the oscillator strength computed by TD-DFT. The inset (a) 
shows the HOMO-LUMO transition and (b) is the experimental UV-Vis 
recorded from 200-800 nm. Theoretical results were shifted by 25 nm to 
higher values of wavelength.

Table 2. Lifetime values, external and internal quantum yields and CIE(x,y) coordinate values for 1-4 and ligand Na2Hpcpa

Sample τ1 / ns τ2 / ns τAV / ns
iQY / % eQY / % CIE(x,y)

λexc = 330 nm

1 2.83(1) 18.6 15.4 (0.192, 0.220)

2 0.29(1) 99.0% 0.63(2) 1.0% 0.32 6.8 5.8 (0.188,0.188)

3 1.38(1) 15.0 12.8 (0.178, 0.159)

4 1.39(2) 0.15 0.13 (0.212, 0.210)

Na2Hpcpa 2.68(4) 21.7% 6.52(5) 78.3 % 5.7 23.8 18.6 (0.164, 0.099) 

τi and τAV: lifetime values; eQY: external; iQY: internal quantum yields; CIE(x,y): 1931 chromaticity  coordinates.

Figure 6. Room temperature excitation (a) and emission (b) spectra of 1-4 and proligand Na2Hpcpa.
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complexes is observed a shift in the CIE values in the 
chromaticity diagram reflecting the redshift observed in 
their emission band position, with CIE values following 
the order 3-2-1-4 from blue to white color.

The lifetime was evaluated from the luminescent decay 
curves (Figure 8), measured by monitoring the emissions 
at 452 nm (1), 436 nm (2), 413 nm (3), 422 nm (4) and 
410 nm (Na2Hpcpa). The lifetime values were calculated by 
fitting the decay curves with a mono-exponential function 
for 1, 3 and 4 and with a bi-exponential function in the case 
of 2 and Na2Hpcpa, I(t)/I0 = A1exp(-t/τ1) + A2exp(-t/τ2)  
and τAV = (A1τ1

2 + A2τ2
2)/(A1τ1 + A2τ2), where A1 and A2 

are constants, τ1 and τ2 the decay time for the exponential 
component and I(t)/I0 the normalized intensity, see 
Supplementary Information section for more details. 
The bi-exponential decay results indicate that two types 
of transitions are involved in the observed emissions, 
and have been related by Priya et al.60 to the short and 

longer life times, corresponding to the different relaxation 
mechanisms. The best-fit values are listed in Table 2. 
The internal and external photoluminescence quantum 
yields (iQY and eQY, Table 2) reached maximum 
values of 15.4  (1), 5.8 (2), 15.0  (3) and 0.15% (4). An 
interesting eQY value of 18.6% for Na2Hpcpa ligand 
was measured. A good correlation between the τ and 
QY values of 1-3 and the ligand is observed, indicating 
that these compounds experience similar mechanisms 
for quenching the luminescence. Moreover, these 
results show that despite the structural similarities 
between the metal complexes the lifetime decrease 
can be due to the non-radiative decay. Similar features 
were observed by Campos et al.61 for the isostructural 
polymers of formula [Cd(ampyz)(AcO)2(H2O)]∞ and  
[Zn(ampyz)(AcO)2(H2O)]∞, and by Lemes et al.,62 that 
attributes the lower lifetimes and QYs to a strong phonon 
coupling, i.e., when a photoluminescence emission center is 
coupled well to vibrational modes (phonons) of the complex 
structure the quantum yield is reduced, as a consequence 
of a fast depopulation of excited levels what lead a high 
non-radiative phonon-assisted relaxation rate.63

On the other hand, in comparing with Tb3+ and Eu3+ 
oxamate complexes {LnIII

2(Hpcpa)3(H2O)5⋅H2O}n,46 
Eu(III) (iQY = 1.8%, eQY = 0.8%) and Tb3+ (iQY = 7.8%, 
eQY = 6.8%), where these values are due essentially to the 
narrow Ln3+ emission bands because their emission spectra 
do not present any band due the ligand, the greater eQY 
values obtained here for Cd and Zn complexes could be 
explained to their large ligand emission bands.

Figure 7. CIE 1931 color coordinates of the PL emission.

Figure 8. Excited state decay curves for 1-4 (a-d) and proligand Na2Hpcpa (e).
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Conclusions

In summary, the exploration of the rich coordination 
chemistry of the pcpa oxamato-type ligand has led to 
the successful preparation of two novel coordination 
polymers through its interaction with Cd(II) and Pb(II) 
ions in aqueous solution. These polymers constitute new 
additions to a series of pcpa-based coordination polymers 
previously reported by our group. Photoluminescence 
studies on selected members of this series demonstrated 
remarkably high values of external quantum yield (eQY) 
of up to 15.4%, with the Cd(II) polymer reported herein 
achieving the highest yield. These findings suggest that 
certain compounds within this series could be used as 
promising candidates for UV to visible light conversion 
in lighting devices, particularly those containing Cd(II) 
and Zn(II) ions. Furthermore, this series of coordination 
polymers illustrates well the great capability of the Hpcpa2− 
ligand in capturing metal ions from aqueous media. So, 
this work not only expands our understanding of oxamate 
coordination chemistry but also highlights the potential 
applications of these compounds in optoelectronic devices.

Supplementary Information

Crystallographic data, characterizations, diffuse 
reflectance spectra and emission spectra. CCDC 2102736 (1) 
and 2102735 (2) codes contain the supplementary 
crystallographic data for this paper. These data can be 
obtained free of charge via www.ccdc.cam.ac.uk/data_
request/cif, by emailing data_request@ccdc.cam.ac.uk, 
or by contacting The Cambridge Crystallographic Data 
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 
+44 1223 336033.

Supplementary information is available free of charge 
at http://jbcs.sbq.org.br as PDF file. 
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