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Lanthanide coordination polymers constructed from 5-(1H-

tetrazol-5-yl)isophthalic acid ligand: white light emission and 

color tuning  

Jia Jiaa, b, Jianing Xua, Shengyan Wanga, Pengcheng Wanga, Lijuan Gaoa, Miao Yua, Yong Fan*a and 
Li Wang*a  

A series of lanthanide coordination polymers (LnCPs), namely  [Ln(TZI) (H2O)5]n (1-5) (Ln = Nd 1, Eu 2, Gd 3, Tb 4 and Sm 5), 

were synthesized through the self-assembly of 5-(1H-tetrazol-5-yl)isophthalic acid (H3TZI) ligand and lanthanide ions. X-ray 

crystallographic analysis reveals that compounds 1–5 are isostructural, featuring 1D double-chain structure. The 

luminescence spectra in the solid state reveal that compouds 2 and 4 exhibit the characteristic luminescence of Eu(III) and 

Tb(III) ions, respectively, while compound 3 exhibits much enhanced blue-green emission which is derived from H3TZI 

ligand. Further, by introducing single dopant Eu(III) and codopants Eu(III)/Tb(III) into the Gd(III) framework, white light 

emission and color-tunable luminescence from yellow to blue were realized.

 Introduction  

Full-color luminescent materials, especially those with white 

light emission, have recently attracted considerable interest 

because of their potential applications in solid-state lighting, 

low-cost back-lighting and full color displays.1–3 However, 

single-component materials capable of white-light production 

are rare. The commonly used approach to achieve white light 

emission is to mix a blue or ultraviolet emitting material with a 

yellow-emitting phosphor or to blend materials together that 

can emit red, green, and blue, namely the three primary colors 

of light.4-6 Another alternative approach for designing color-

tunable and white-light luminescence materials is tuning for 

the excitation wavelengths7 of single-component materials8 or 

doped materials.9 

Due to unique optical properties of lanthanide ions, the 

luminescence from Ln(III) ions is featured by high color purity 

and long lived excited lifetimes and the emission covers the 

whole visible range from 400 to 700 nm. Especially, Eu(III) and 

Tb(III) ions can emit intense red and green light, respectively. 

Lanthanide coordination polymers (LnCPs) are promising 

luminescent materials because of the intrinsic physical 

properties of the Ln(III) ions, such as color-pure luminescence, 

large paramagnetism, and the fact that the electrostatic nature 

of their coordination chemistry allows a large variety of 

symmetries and structural patterns10−12. Actually, due to the 

inner character of their valence orbitals, lanthanide ions have 

similar chemical properties, and it is possible to synthesize 

coordination polymers in which two or more lanthanide ions 

are randomly distributed over the metallic sites.13,14 This 

enables one to tune the intermetallic distance and therefore 

to modulate the color and the brightness of emission.15−19 

Based on the above reasons, LnCPs have attracted more and 

more interest and been effectively used in the design of multi-

color and white-light emitting materials.20−22 For instance, a 

new fluorophore that exhibits white light by combining an 

Eu(III) moiety (red emission) with an organic ligand (blue and 

green emission) was reported.8a Li and co-workers developed a 

white light emitting compound based on doping Eu(III) ion into 

the Gd(III) framework for the first time.23 A combination of 

blue-emitting ligand/La(III), green-emitting Tb(III) and red-

emitting Eu(III) units was utilized to generate white light from 

La(III)/Tb(III)/Eu(III) coordination polymers.24 

As known, the selection of appropriate ligands plays a crucial role 

in the synthesis of LnCPs with promising luminescent properties. 

The main reason is that organic ligands can be used not only as 

building blocks for constructing novel frameworks of LnCPs, but also 

as efficient sensitizers for Ln(III) ions via an “antenna effect”.25  5-

(1H-tetrazol-5-yl)isophthalic acid (H3TZI) has been validated to be a 

proper polydentate bridging ligand for the formation of 

multidimensional coordination polymers exhibiting structural 

diversity.26 In addition, H3TZI ligand is a good antenna for 

luminescent LnCPs, which exhibits a broad band over a range of 

400–580 nm (λmax = 420 nm), in particular in structures where the 

ligand itself is luminescent, as it is possible to realize an substantial 

enhancement in intensity and a shift in emission when the ligand is 

incorporated into a framework structure. So we chose H3TZI as a 
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novel ligand to construct lanthanide compounds. As a result, a 

series of new LnCPs, [Ln(TZI) (H2O)5]n (1–5) (Ln = Nd 1, Eu 2, Gd 3, 

Tb 4, Sm 5), which are isostructural, have been isolated and 

crystallize in triclinic P-1 space group consisting of 1D double-chain. 

With careful adjustment of the relative concentrations of the 

lanthanide ions and excitation wavelengths, luminescence color of 

the resulting LnCPs were modulated, and white-light as well as 

color-tunable emissions was achieved. A sound mechanism for the 

observed photophysical properties of these LnCPs was also 

discussed in details. 

Experimental 

Materials and Methods 

All chemicals used in this work were of reagent grade. They 

were commercially available and used as purchased without 

further purification. The IR spectra (KBr pellets) were recorded 

in the range 400−4000 cm−1 on a Nicolet Impact 410 

spectrometer. Elemental analyses(C, H and N) were performed 

on an Elementar Vario EL cube CHNOS Elemental Analyzer. 

Elemental analyses for Eu, Gd, and Tb were obtained using a 

PLASMA-SPEC(I) ICP atomic emission spectrometer. 

Thermogravimetric analyses (TGA) were carried out with a 

PerkinElmer TGA7 instrument, with a heating rate of 10 °C/min 

under a nitrogen atmosphere(compounds 1–5) and air 

atmosphere(compounds 2–4 upon dehydration), respectively. 

Powder X-ray diffraction (XRD) measurements were performed 

with a SHIMADZU XRD-6000 diffractometer with Cu-Kα 

radiation (λ = 1.5418 Å) in the 2θ range of 4−40°. 

Photoluminescence spectra were obtained by an Edinburgh 

Instruments FLS 920 spectrophotometer. The Commission 

International de I’Eclairage (CIE) color coordinates were 

calculated by following the international CIE standards.27 

Synthesis of [Ln(TZI)(H2O)5]n (1–5) (Ln = Nd 1, Eu 2, Gd 3, Tb 4, Sm 

5)  

All compounds including the doped-lanthanide ones were obtained 

by adopting an otherwise identical procedure except for the 

different starting lanthanide salts. The synthesis of  [Eu(TZI)(H2O)5]n 

(2) is thus presented here in detail as a representative: A mixture of 

Eu(NO3)3·6H2O (44.6 mg, 0.1 mmol), H3TZI (23.4 mg, 0.1 mmol), and 

2,2'-bipy (15.6 mg, 0.1 mmol) were dispersed in H2O (8 mL), and 

then 0.5 mL of 0.1M NaOH was added into the mixture to adjust pH 

= 4.0. Finally, the mixture solution was transferred into a 15 mL 

Teflon-lined autoclave and heated at 150 °C under autogenous 

pressure for three days, then cooled to room temperature under 

ambient conditions. Block crystals of compounds 1–5 were 

recovered by filtration, washed with distilled water, and dried in air. 

Yield: 56% for 1, 68% for 2, 62% for 3, 58% for 4 and 65% for 5 

(based on H3TZI ligand). Element analysis (%) for 1, calcd: C 23.22, H 

2.82, N 12.04; found: C 23.46 , H 2.85, N 12.16. IR data (KBr pellet 

cm−1): 3437(s), 2925(w), 1628(m), 1555(m), 1490(w), 1446(w), 

1394(s), 1351(w), 786(w), 754(w), 701(w), 565(w), 488(w). Element 

analysis (%) for 2, calcd: C 22.85, H 2.77, N 11.84; found: C 23.04, H 

2.70, N 12.02. IR data (KBr pellet cm−1): 3443(s), 2926(m), 1624(w), 

1546(m), 1500(w), 1442(w), 1391(s), 1345(w), 788(w), 757(w), 

701(m), 565(w), 488(m). Element analysis (%) for 3: calcd: C 22.59, 

H 2.74, N 11.71; found: C 22.84, H 2.75, N 11.86. IR data (KBr pellet 

cm−1): 3452(s), 2928(w), 1625(m), 1552(m), 1500(w), 1441(w), 

1391(s), 1345(w), 788(w),757(w), 702(m), 565(w), 488(w). Element 

analysis (%) for 4, calcd: C 22.51, H 2.73, N 11.67; found: C 22.77, H 

2.76, N 11.80. IR data (KBr pellet cm−1): 3434 (s), 2928(w), 1625(m), 

1552(m), 1500(w), 1442(w), 1391(s), 1345(w), 788(w), 757(w), 

700(w), 565(w), 489(w). Element analysis (%) for 5, calcd: C 22.92, H 

2.78, N 11.88; found: C 23.14, H 2.84, N 11.97. IR data (KBr pellet 

cm−1): 3441 (s), 2922(w), 1624(m), 1547(m), 1499(w), 1441(w), 

1386(s), 1345(w), 788(w), 757(w), 702(w), 564(w), 488(w). 

Synthesis of [Eu0.10Gd0.90(TZI)(H2O)5]n (6) and 

[Eu0.15Gd0.70Tb0.15(TZI)(H2O) 5]n (7) 

For the isostructural Eu(III) or Eu(III)/Tb(III) codoped Gd(III) 

framework, the synthetic method is same as mentioned above 

just by loading the corresponding Eu(NO3)3·6H2O and 

Gd(NO3)3·5H2O or Eu(NO3)3·6H2O, Tb(NO3)3·6H2O and 

Gd(NO3)3·5H2O as the starting materials in stoichiometric 

ratios. Yield: 62% for 6 ( based on H3TZI ligand). IR data (KBr 

pellet cm−1): 3609(w), 3497(w), 3405 (s), 1623(m), 1605(w), 

1583(w), 1546(m), 1500(w), 1447(w), 1393(s), 788(w), 756(w), 

716(w), 565(w), 507(w). Yield: 60% for 7 (based on H3TZI 

ligand). Selected IR data (KBr pellet cm−1): 3607(w), 3496(w), 

3408(s), 2924(b), 1625(m), 1606(w), 1550(m), 1500(w), 

1444(w), 1392(s), 1346(w), 788(w), 757(w), 703(w), 565(w), 

488(w). 

The doped LnCPs 8–12 were synthesized using the same 

method as that of 7. The starting molar ratios of Eu(III) / Gd(III) 

/ Tb(III) in the resulting materials were listed in Table 1. 

Analyses of the relative molar concentration of the individual 

lanthanide elements are consistent with the corresponding 

ratios in the starting codopants (Table 2). 

 

Table 1 Molar ratios of multi-component Eu(III) / Gd(III) / 

Tb(III) for compounds 8–12.  

Compounds Eu(III) Gd(III) Tb(III) 

8 0.25 0.70 0.05 

9 0.20 0.70 0.10 

10 0.25 0.60 0.15 

11 0.20 0.55 0.25 

12 0.25 0.50 0.25 

 

Table 2 Elemental analyses (ICP) for compounds 6–12. 
Molar ratio of 
Eu:Gd:Tb  

Wt% Eu  
Calcd (Found)  

Wt% Gd 
 Calcd (Found)  

Wt% Tb 
Calcd (Found)  

10%:90%:0% (6)  9.90 (9.68)  90.10 (90.32)  0 

15%:70%:15% (7)  14.85 (14.58)  70.08 (70.41)  15.07 (15.01)  

25%:70%:5% (8)  24.79 (24.52)  70.18 (70.34)  5.03 (5.14)  

20%:70%:10% (9)  19.82 (19.96)  70.13 (70.28)  10.05 (9.76)  

25%:60%:15%(10)  24.78 (24.49)  60.13 (60.35)  15.09 (15.16)  

20%:55%:25%(11)  19.81 (19.46)  55.07 (55.26)  25.12 (25.28)  

25%:50%:25%(12)  24.77 (24.98)  50.09 (50.24)  25.14 (24.78)  
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X-ray crystallography 

The crystal data of compounds 1–5 were acquired on a Rigaku 

R-AXIS RAPID diffractometer equipped with graphite-

monochromated Mo-Kα (λ = 0.71073 Å) radiation in the ω 

scanning mode at room temperature. All structures were 

solved by direct methods and refined using full-matrix least-

squares techniques with the SHELXTL software package.28 All 

non-hydrogen atoms were refined anisotropically and the 

hydrogen atoms were placed in fixed, calculated positions 

using a riding model. Selected crystallographic data and 

refinement parameters of compounds 1–5 are listed in Table 

S1, and the selected bond lengths and angles data are 

presented in Table S2. 

Results and discussion 

Structural descriptions 

The compounds [Ln(TZI)(H2O)5]n (1–5)  (Ln = Nd 1, Eu 2, Gd 3, Tb 

4, Sm 5) crystallize in triclinic P-1 space group and are 

isostructural, as such only the structure of 1 is discussed in 

detail as a representive. Each Nd(III) ion is eight-coordinated in 

the coordination geometry of a trigonal dodecahedron (Fig. 

S1a) by three oxygen atoms from three different TZI3- ligands 

and five oxygen atoms from the water molecules (Fig. 1a). The 

bond distance of Nd–O varies from 2.360(3) to 2.529(3) Å. The 

inversion-related planes of benzene ring in TZI3- ligand are 

completely parallel (dihedral angle is 0° and the distance of 

centroid is 3.511 Å), giving rise to an intramolecular π−π 

stacking interaction. Two adjacent Nd(III) ions are connected 

by carboxylate of TZI3- ligands giving rise to binuclear SBU (Fig. 

S1b). The TZI3- anion connects the binuclear SBUs through a 

bidentate carboxylate group and a monodentate carboxylate 

group forming 1D double-chain structure (Fig. 1b). The Nd⋯Nd 

distances are 5.455 and 9.813 Å when Nd(III) ions are in the 

adjacent chain or in the same chain. The 1D double chains are 

linked by O(5)−H(5)···O(4), O(6)−H(7)···N(4) and 

O(7)−H(1)···O(4) hydrogen bonds forming 2–D structure (Fig. 

S1c). The hydrogen bond lengths and bond angles are listed in 

Table S3. It should be noted that the hydrogen bonds and π−π 

stacking interactions can play an important role in stabilizing 

the structure of the polymer. Also, two adjacent networks are 

further linked together by O(5)–H(6)···N(1) and O(9)–H(3)···N(2) 

hydrogen bonds to form a 3–D supramolecular structure (Fig. 

S1d). 

 

 

Fig. 1 (a) The coordination environment of the Nd(III) ion and 

intra π–π stacking interaction in 1; (b) 1D double-chain in 1 

(coordinated water molecules are omitted for clarity). 

Characterization  

The IR spectra of compounds 1–5 show similarities (Fig. S2). There 

is a broad band at 3300-3600 cm-1, which should be ascribed to the 

stretching vibrations of O−H, sugges'ng the presence of free or 

coordinated water molecules. The peaks 1400−1500 cm−1 indicate 

the existence of tetrazole groups.29 The IR spectrum of the H3TZI 

ligand evidences two intense bands at approximately 1695 and 

1430 cm–1, which are attributable to the anti-symmetric υas (C=O) 

and symmetric υs (C=O) vibration modes, respectively. In the cases 

of the IR spectra of 1–5, both of these C=O vibrational modes are 

shifted to lower wave numbers and split into two peaks (1628, 1555 

cm–1 and 1394, 1351 cm–1  in 1; 1624, 1546 cm–1 and 1391, 1345 cm–

1  in 2; 1625, 1552 cm–1  and 1391, 1345 cm–1 in 3; 1625, 1552 cm–1 

and 1391, 1345 cm–1 in 4, 1624, 1547 cm–1 and 1386, 1345 cm–1 in 

5), thus indicating coordination of the carbonyl oxygen to the Ln(III) 

cations. This coordination is further supported by the appearance of 

band at 488 cm–1 due to Ln-O stretching vibrations.30 Furthermore, 

the IR spectra of these compounds exhibit a separation of the 

asymmetric and symmetric stretching vibrations [∆υ(C=O) =υas –υs] at 

approximately 234 and 204 cm–1 for 1, 233 and 201cm–1 for 2, 234 

and 207cm–1 for 3, 234 and 207cm–1 for 4, 238 and 202cm–1 for 5, 

which implies coordination of the carboxylate groups to the Ln(III) 

cation in a bidentate bridging and monodentate mode in each 

case.9c, 9d, 31-33 

Powder X-ray diffraction patterns of these compounds 1–5 

are in agreement with the simulated ones based on the 

corresponding single-crystal structural analysis, which further 

suggests the purity of the bulk crystalline products. As can be 

seen from Fig. S3, the doped LnCPs 6–12 are also isostructural 

to their single lanthanide analogues. 

Thermogravimetric analysis (TGA) of the LnCPs was carried 

out between 25–800 °C. The TGA curves of compounds 1–5 

are similar (Fig. S4), so the curve of 5 is discussed as a 

representation. The first step from 25 °C to 200 °C corresponds 

to the removal of the five coordinated water molecules 

(weight loss ca. 18.35%, calculated 19.10%). The framework 

starts decomposing at about 400 °C. The framework is not 

decomposed completely in the nitrogen atmosphere up to 800 

°C. Importantly, our LnCPs demonstrate an excellent 

hydrothermal stability. Treating the crystalline compound with 

boiling water for 24 h does not result in loss of crystallinity 

(Fig. S5). This is uncommon, as most LnCPs are unstable at high 

humidity. The stability is due to the face-to-face arrangement 
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of the TZI3- ligand within the SBUs. Such structural stability 

against water is rarely seen in LnCPs.34–38 

Before performing the experiments of luminescence, 

compounds 2–4 were activated by heating the samples at 120 

°C for 48 h in vacuum oven. The XRD patterns and the TGA 

curves of the activated compounds 2–4 confirm the retention 

of the framework after the loss of the five coordinated water 

molecules (Fig. S6 and Fig. S7). 

Photoluminescence properties 

Solid state luminescence spectra of the H3TZI ligand and 

compounds 2–5 were recorded at room temperature as shown 

in Fig. 2 and the excitation spectra of compounds 2–5 are 

shown in Fig. S8. Upon excitation at 350 nm, the free H3TZI 

ligand exhibits a blue light emission at 420, 437 and 480 nm 

due to π→π* transi'ons of the ligand (Fig. 2a insert). However, 

compound 3 exhibits much enhanced blue-green emission and 

the red shifts to 448, 495 and 525 nm with the excitation at 

358 nm in comparison to the band of the free ligand (Fig. 2b). 

It is known that the energies of the excited levels of the Gd(III) 

ion are much higher than the typical energy of the ligand 

triplet states, inhibiting any ligand-to-metal energy transfer 

process.39 The enhancement and the red shifts respectively of 

the emission band in compound 3 are attributed to the 

coordination of TZI3− ligands to metal ions, which has enabled 

the rigidity of the aromatic backbones and thus reduces the 

loss of energy by radiationless decay of the intraligand 

emission excited state.7a,40 The decay curve (Fig. S9b) for 

compound 3 monitored at 495 nm (λex = 358 nm) can be well 

fitted into a double exponential function as I = I0 + A1 

exp(−t/τ1) + A2 exp(−t/τ2) (where τ1 and τ2 are defined as the 

luminescent lifetimes): τ1 = 1.174 ms and τ2 = 6.497 ms. The 

obtained effective lifetime of compound 3 is increased 

comparing with the lifetime of the free ligand (τ1 = 0.610 ns 

and τ2 = 2.598 ns) (Fig. S9e). 

When excited at 352nm, compound 2 emitted characteristic 

red luminescence of the Eu(III) and the emission spectrum has 

five characteristic bands at 578(5D0→7F0), 594 (5D0→7F1), 614 

(5D0→7F2), 652 (5D0→7F3) and 688–700 (5D0→7F4) nm, 

respectively (Fig. 2a). The emission intensity of 5D0→7F2 (614 

nm) is much higher than that of 5D0→7F1 (594 nm). The decay 

curve (Fig. S9a) for compound 2 (monitored by 5D0→7F2, 614 

nm) can be well fitted into a mono-exponential function as I = 

I0 + A1 exp(−t/τ) (where τ is defined as the luminescent 

lifetimes): τ = 152.7 μs. As shown in Fig. 2c, under excitation at 

322nm, compound 4 emitted the characteristic green 

luminescence of Tb(III), with four characteristic bands at 487 

(5D4→7F6), 543 (5D4→7F5), 583 (5D4→7F4), and 620 (5D4→7F3) 

nm. The most intense emission at 543 nm is attributed to the 
5D4→7F5 transition of the Tb(III) ion. The decay curve (Fig. S9c) 

for compound 4 (monitored by 5D4→7F5, 543 nm) was well 

fitted to a mono–exponential function: I = I0 + A1 exp(−t/τ), τ = 

639.3μs. The characteristics of luminescent emission in 

compounds 2 and 4 indicate that the antenna effect occurs, 

that is, energy migration takes place upon ligand absorption, 

followed by intersystem crossing S1→T1 and antenna T1→f 

transfer, and then generating f–f emissions of Eu(III) and Tb(III) 

ions. No broad emission band resulting from the ligand is 

observed in compounds 2 and 4, indicating that the energy 

transfer from the ligands to Eu(III) and Tb(III) centers is very 

effective.5d  

Upon excitation at 353nm, compound 5 displays a series of 

characteristic narrow band emissions of Sm(III) ions at 597nm, 

642nm and 706nm, corresponding to the 4G5/2→6H7/2, 
4G5/2→6H9/2, and 4G5/2→6H11/2 transitions(Fig. 2d). In addition, 

the emission bands of the ligand are also observed (512nm), 

which indicates that the energy transfer from the ligand to the 

metal center is not complete. The lifetime values with a double 

exponential curve (Fig. S9d) are τ1 = 0.615 ns and τ2 = 3.195 ns, 

respectively. 

 

Fig. 2 Solid-state emission spectra of (a) Eu-2, (b) Gd-3, (c) Tb-4 

and (d) Sm-5 at room temperature. Insert: Solid-state emission 

and excitation spectra of H3TZI 

Color-tunable luminescence 

Since compounds 2 and 3 are isostructural and emit red and 

blue-green light, respectively, it may construct the white-light 

emitting materials through doping Eu(III) ions into the Gd(III) 

framework by precisely controlling the concentration profiles 

of Gd/Eu and excitation wavelengths. As such, the Eu(III)-

doped Gd(III) compound Eu0.10 Gd0.90 (compound 6) has been 

synthesized and its phase purity was verified by PXRD analysis 

(Fig. S3). The emission spectra of the compound Eu0.10 Gd0.90 

were recorded under varying UV light excitation from 330 to 

380 nm (Fig. 3a). The emission spectra of Eu(III)-doped Gd(III) 

materials exhibit a broad emission band in the region of 400 to 

550 nm of the ligands in compound 3 and the characteristic 

emission peaks centered at 578, 594, 614, 652, and 688–700 

nm of the Eu(III) ion in compound 2.  
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With the increase in excitation wavelength, the relative 

intensity of blue-green emissions gradually increases and at 

the same time the red emissions decrease. As a result, white 

emission emerges upon excitation at 350-380 nm. When 

excited at 350nm, the CIE coordinate (0.332, 0.294) is near to the 

pure white value (0.333,  0.333) and the quantum yield is 2.81%. 
The current concept of excitation dependent 

photoluminescence tuning in the blue, yellowish red and white 

regions is controlled by different energy transfer processes. In 

the case of higher energy absorption, the usual “antenna 

effect” dominates, which generates a yellowish red light 

emission. Furthermore, when the absorbed energy is too low 

to allow intersystem crossing to occur, the ligand fluorescence 

in the blue region dominates. Thus, a white light emission can 

be realized through a combination of the usual triplet pathway 

and a ligand fluorescence process, when an intermediate 

energy is absorbed.9c,9d,41 The emission colors at different 

excitation wavelengths are illustrated in the CIE chromaticity 

diagram (Fig. 3b), whilst the corresponding CIE color 

coordinates are listed in Table S4. 

 

Fig. 3(a) Solid-state emission spectra of compound Eu0.10 Gd0.90 

with excitation wavelengths varying from 330 to 380 nm. (b) 

The CIE chromaticity diagram for the compound Eu0.10 Gd0.90 

under excitation wavelengths from 330 to 380 nm. 

By precisely controlling the concentration profiles of 

Gd/Eu/Tb and excitation wavelengths, white light emissions 

were obtained. The emission profiles of doped lanthanide 

compounds 8–12 excited at 365 nm are depicted in Fig. 4a. 

The doped lanthanide compounds consisting of multiple 

luminescent dopants display mixed emission patterns with 

different relative peak intensities depending on the ratios of 

the Tb(III), Eu(III) and Gd(III) ions, resulting in the white light 

emission. The calculated chromaticity coordinates (Table S5) 

all fall within the white-light region of the 1931 CIE 

chromaticity diagram (for pure white x = 0.333, y = 0.333). It 

has been found that compound 12 nearly pure white light 

emission was achieved with its CIE coordinate of (0.336, 

0.325). The quantum yields of 8–12 are 5.28%, 9.25%, 2.88%, 2.92% 

and 9.75%, respectively. The emission colours for 8–12 are 

illustrated in the CIE chromaticity diagram (Fig. 4b). 

 

Fig. 4 (a) Solid-state emission spectra of compounds 8–12 with 

excitation wavelengths at 365 nm . (b) The CIE chromaticity 

diagram for the compounds 8–12 under excitation 

wavelengths at 365 nm. 

The emission spectra of the compound Eu0.15 Gd0.70 Tb0.15 

(compound 7) were recorded under varying UV light excitation 

from 320 to 394 nm (Fig. S10a). Strikingly, tunable colors and 

white light have been observed along with varying excitation 

wavelengths. When excited at 320 and 330 nm, the compound 

Eu0.15 Gd0.70 Tb0.15 mainly emits intense yellow luminescence. 

Upon varying the excitation light to 340 nm, the emission 

displays green light, and adjusting the excitation light from 350 

to 390 nm, it mainly displays blue light. When excited at 

394nm, near white light emission is obtained and its CIE 

coordination is (0.314, 0.244). The quantum yield is 3.83%. The 

emission colors at different excitation wavelengths are 

illustrated in the CIE chromaticity diagram (Fig. S10b), while 

the corresponding CIE color coordinates are listed in Table S6. 

The luminescence emission decay measurements were 

performed for doped compounds 6–12 at room temperature. 

The decay curves for the compounds are well fitted into a 

double exponential function: I = I0 + A1 exp (-t/τ1) + A2 exp (-

t/τ2), where τ1 and τ2 are defined as the luminescent lifetimes. 

The detailed fitting results are summarized in Table S7. As 

shown in Fig. S11, the PL decay curve of compounds 6–12 are 

recorded at room temperature with emission monitored by 

the 5D4 → 7F5 transition at 543 nm and the 5D0 → 7F2 transition 

at 614 nm (λex = 365 nm).  

Conclusions 

In summary, a series of new LnCPs, namely  [Ln(TZI) (H2O)5]n 

(1–5) (Ln = Nd 1, Eu 2, Gd 3, Tb 4 and Sm 5), has been 

synthesized under hydrothermal conditions. They are 

isostructural, featuring 1D double-chain structure. Considering 

compound 3 emits blue-green light, it can be used as a parent 

framework. Through doping Eu(III) ions into the Gd(III) 

framework, and by precisely controlling the concentration 

profiles of Gd/Eu together with varying the excitation 

wavelengths, white-light emitting materials were obtained. In 

addition, through the doping of Eu(III)/Tb(III) into the Gd(III) 

framework, white light emission and tunable colors from 

yellow to blue have been observed. The synthesis of other 
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luminescence functional LnCPs constructed from azolate-

carboxylic acid derivatives is underway. 
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