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Material and Methods

All the raw chemicals and solvents were purchased from commercial 

sources and used without further purification. FT-IR spectrums were 

recorded with Nicolet 470 FT-IR with KBr pellets in the 400 - 4000 cm-1 

region. Powder X-ray diffraction (PXRD) data was obtained from Bruker 

AXS X-ray diffractometer using Cu Kα radiation (λ = 1.54056 nm) in the 

2θ range of 5-50° with a step size of 0.02°. TG-DTA analyses were 

performed on a NETZSCH TG 209 F3 simultaneous thermal analyzer in 

flowing N2 with a heating rate of 10 °C/min. The direct current (dc) 

magnetic data were measured between 1.8 and 300 K under an applied 

filed of 1000 Oe. The magnetization measurements were made in fields 



of between 0 and 7 T at 1.8-10 K on MPMS-XL7 SQUID magnetometer. 

Solid-state luminescence properties were acquired by a F-4600 FL 

spectrophotometer.

Single Crystal X-ray Diffraction 

The crystal structure was defined by using the single-crystal X-ray 

diffraction. Diffraction data for compounds were collected on a Bruker 

SMART APEX II CCD area-detector diffractometer (Mo Kα radiation) at 

room temperature with ω-scan technique. Empirical adsorption 

correction was utilized using SADABS program.1 The structure was 

resolved by direct methods and refined by full-matrix least squares on F2 

using SHELXTL-2018 software.2 Non-hydrogen atoms were refined 

anisotropically.  Compared with Ln atoms, H atoms of water are very 

light, and not located.  All calculations were performed by using 

SHELXTL-2018.



Synthetic Discussion

In this work, the nicotinic acid was chose as bridging ligand to 

construct three novel 3D coordination polymers (1-Gd, 2-Tb, 3-Er) with 

interesting and perfect 1D nanotubes. In order to obtain above 

compounds, we tried to change the reaction time, reaction temperature 

and pH value, and finally obtained the crystals by using the synthetic 

condition described. 

During the synthetic process, we found that the formic acid and KBr is 

important for synthesizing crystals. Although the two raw materials 

didn’t participate the construction of the structure for the three 

compounds, we can not get the crystals if these two raw materials were 

lacked. We speculate that these two raw materials act as structural 

inducer during the crystal structure construction process.3 

Also, we try to change the lanthanide source to lanthanide chloride, 

lanthanide nitrate, lanthanide acetate and other lanthanides (Ho, Dy, 

Eu), unfortunately, no isomorphs or new compounds were gained. The 

above results indicate that it is advantageous to synthesize these Ln-TM 

compounds with 3D frameworks with lanthanide oxides as rare earth 

sources under low pH value.4



Figure S1. The polyhedron structure of the basic unit for 1-Gd. Hydrogen 

atoms were omitted for clarity.



Figure S2. Connection mode of adjacent Gd4Cr4 clusters in 1-Gd. H atoms 

and lattice water molecules were omitted for clarity.



Figure S3. 4-connected mode of Gd4Cr4 cluster in 1-Gd. H atoms and 

lattice water molecules were omitted for clarity.



Figure S4. Stick and polyhedral representation of 3D structure of 1-Gd.



Figure S5. (a) The simplified hexatomic ring; (b) The aperture of 1D tube; 

(c) The Z-shaped hexatomic ring; (d) The topology network of 1D tube; (e) 

The topology network of  honeycomb-shaped coordination polymer; (f) 

The topology network of the 3D 1-Gd.



IR Spectra

Figure S6. The IR spectrum of Ln4Cr4.

The IR spectra of three compounds are similar. As shown in Fig. S5, 

the broad bands appeared at 3412 cm-1 were ascribed to the v(-OH). The 

vibration peaks at 1608 cm-1 is characteristic peak of pyridine ring in the 

nicotinic acid ligand. The peak at 1403 cm-1 is assigned to the v(C=O). 

The peaks located between 752–583 cm-1 are correspond to v(Gd-O) and 

v(Cr-O). The IR spectra implies that the nicotinic acid ligands exist in 

three compounds, which are well matched with the SCXRD analysis.



Powder X-ray Diffraction (PXRD)

Figure S7. The PXRD spectrum of (a) 1-Gd; (b) 2-Tb; (c) 3-Er.

The PXRD patterns of the three complexes are presented in Fig. S6. 

The position of main diffraction peaks in the experimental patterns 

match well with the simulated results from SCXRD, which can imply that 

the three compounds are pure phase. The difference in reflection 

intensities may be attributed to the different orientation of the powder 

samples.



Thermal Gravimetric (TG) Analysis

Figure S8. The TG curves for (a) 1-Gd; (b) 2-Tb; (c) 3-Er.

TG analysis was employed to assess the thermal stability of Ln4Cr4 

from 32 to 1000 °C under N2 atmosphere. As displayed in Fig. S7, the 

three compounds exist two similar continuous processes of weight loss. 

The weight loss of the first process between 32 to 403°C is 17.93, 18.83 

and 18.94 %, respectively, (calc. 18.81, 17.73 and 19.50 %), attributing to 

the loss of lattice water molecules and 12 coordination water molecules 

in Ln4Cr4.The weight loss at 403–1000 °C for three compounds are 

assigned to the loss of nicotinic acid ligands and the collapsion of the 

structure of Ln4Cr4. The results of TG analysis imply that the three 

compounds own high thermal stability.



Table S1. Comparision of -ΔSm
max data of the Gd-compound. 

compounds
-ΔSm

(J K−1 kg−1)
ΔH
(T)

T
(K)

Dimensionality Ref.

[Gd60(CO3)8(CH3COO)12(μ2-OH)24(μ3-
OH)96(H2O)56](NO3)15Br12(CH3C(OH)2-
COO)5·30CH3OH·20CH3C(OH)2COOH

48.0 7 2.0 0D [5]

[CoII
9CoIIIGdIII

42(μ3-OH)68(CO3)12(OAc-
)30(H2O)70](ClO4)24ˑ80H2O

41.3 7 2.0 0D [6]

NiII12GdIII
36(OAc)18(μ3-OH)84(μ4-O)6-

(H2O)54(NO3)Cl2](NO3)6Cl9ˑ30H2O
36.3 7 3.0 0D [7]

[NiII2GdIII
2(C(CH3)3CO)4(OAc)6(H2O)]ˑ-

2CH2Cl2 
34.4 7 4.5 0D [8]

[CoII
6GdIII

8(μ3-OH)8(O3PtBu)6(C(CH3)3-
CHO)16-(H2O)2]ˑ2CH3CN

33.0 14 4.0 0D [9]

[NiII10GdIII
5(μ3-OH)10(μ5-NO3)(C6H5N-

O2)10(C6H4N3O)10](NO3)4ˑ12H2OˑCH3

OH
27.5 7 4.0 0D [10]

[CrIII
4GdIII

4(μ3-O)4(μ4-O)4(NA)8(H2O)12-
ˑ13H2O

22.1 7 2.5 3D This work

[CoII
3CoIII

2Gd3(C8H16NO2)2(μ3-OH)5(C-
(CH3)3CO)12]ˑ2H2O

21.6 7 3.0 0D [11]

[CrIII
4GdIII

4(C6H4NO2)10(μ3-OH)4(μ4-O-
)4(H2O)8]·[C6H5NO2]2·8H2O

18.1 7 3.0 0D [12]

[ZnII
8GdIII

4(OH)8(C6H6NO)8(O2CCH-
Me2)8](ClO4)4

18.0 7 2.0 0D [13]

[NiII3GdIII(C6H6NO)4(OAc)5]·H2O·CH2-
Cl2

17.4 7 4.5 0D [14]

[CuII
5GdIII

2(OAc)10(NO3)4(C16H17O3)2-
(C16H18O3)2]·4Me2CO

15.7 5 2.0 0D [15]

[CuII
12GdIII

6(C12H10O3N2)6(OH)12(NO3-
)7(OAc)3(H2O)12](OH)8·19H2O·MeCN

14 7 4.5 0D [16]

[MnIII
6GdIII

2(μ3-OH)4(μ4-O)(OAc)4-
(H2O)2(C16H14O3N)6·NO3·OH

10.3 7 6 0D [17]

OAc = acetate. NA = nicotinic acid. MeCN=acetonitrile. Me=-CH3. PtBu=tert-butylphosphonic 
acid(H2O3PtBu)
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