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Porous metal-organic frameworks (MOFs) represent a class of crystalline micro-/mesoporous 

materials constructed by assembly of metal cations or their clusters as connectors, and usually 

anionic organic ligands as linkers. The final structure and dimensionality of MOFs depends 

on several factors, such as molar ratio of reactants, composition and the ratio of the mixture of 

solvents, choice of organic linker and inorganic salt, pH value, reaction temperature. One of 

the most important properties of porous MOFs is their high specific surface area, which may 

lead to applications in the fields of gas storage and separation, catalysis, drug delivery, sensor 

technology, polymerization reactions in the channels
1
. 

 

In this study, a new compound belonging to MTB
4-

 series, namely {[Ni4(μ6-MTB)2(μ2-

H2O)4(H2O)4]∙10DMF∙11H2O}n (1)
2
, was synthesized by the solvothermal methods and 

characterized by elemental analysis, IR and Raman spectroscopy, TG, single-crystal X-ray 

diffraction and high energy X-ray diffraction (HEXRD).  The single-crystal diffraction data 

were collected on a Xcalibur four-circle CCD diffractometer equipped with a graphite 

monochromator using MoKα radiation (λ = 0.71073 Å). High energy X-ray diffraction 

(HEXRD) measurements with in-situ heating were carried out at wiggler beamline BW5 of 

Doris positron storage ring in DESY (Hamburg, Germany) with energy 100 keV 

corresponding to a wavelength of 0.123984 Å. 

 

The crystal structure of 1 is formed by linear tetranuclear nickel(II) clusters of composition 

[Ni4(μ2-COO)4(COO)4(μ2-H2O)4(H2O)4] (COO = carboxylate), which create eight-connected 

elongated tetragonal prismatic SBUs (Fig. 1a). The cluster Ni1-Ni2-Ni2A-Ni1A is built from 

two crystallographically independent cations (Ni1 and Ni2) which are overbridged by four 

water molecules (O1, O2, O1A, O2B) and four syn-syn carboxylate groups of four different 

MTB
4-

 anions (see Fig. 1a). The Ni…Ni distances in the clusters are 3.4856(14) Å for Ni1-

Ni2 and 3.2552(12) Å for Ni2-Ni2A. This connectivity gives rise to 3D structure with 

channels extending along the a, b crystallographic axes crystallographic direction (Fig. 1 b,c). 

Sizes of the channel apertures are 12.6 x 9.4 Å
2
, 9.4 x 8.0 Å

2
 and 12.6 x 11.7 Å

2
, respectively. 

Compound exhibits CaF2-like structure with 4
12

-topology. Central C atom of MTB
4-

 ligand 

can be considered the F vertex and Ni4 cluster decorates the Ca
2+

 positions in CaF2 structure.  

 

 
Fig. 1a) Coordination environment of Ni4 clusters. View of the crystal structure b) along a 

axis c) along b axis. 

 

Figure 2a shows comparison of experimental HE-PXRD pattern of 1 and the pattern 

calculated from single crystal X-ray data, indicating pure phase of 1. Fig. 2b shows HE-



PXRD patterns of complex measured at room temperature and after heating to 600°C with 

temperature step 10°C. The patterns demonstrate that framework of the compound is stable 

after partial removal of solvent molecules to 190°C. In temperature range 190-330°C, in 

which the departure of residual solvent molecules from the framework takes place, decrease 

of peak intensity and generation of new phase was observed. The movement of the peak 

positions after desolvation indicates possible breathing effect in the compound, related to 

adsorption/desorption of guest molecules. In the range 330 - 440°C intensities of strong 

diffraction peaks, gradually decreased with increasing temperature, indicating slow 

decomposition of the compound. Above 440°C the framework collapsed and further heating 

led to formation of NiO and small quantity of Ni, as final decomposition products (Fig. 2c). 

 

Nitrogen adsorption isotherm of compound 1 can be classified as of type I (Fig. 2d), which is 

characteristic for microporous materials. Fitting and evaluating of adsorption data using BET 

equation gave value of specific surface area (SBET) of 700 m
2
.g

-1
. Micropore volume (Vp) and 

pore size diameter in 1 were determined as 0.291 cm
3
.g

-1
 and 16.31 Å. Carbon dioxide 

adsorption isotherms of 1 measured at 272 K and 295 K are shown in Fig. 2e. Complex 

adsorbs 12.36 wt. % (71.8 cm
3
.g

-1
, 3.21 mmol.g

-1
) of CO2 at 273 K and 101 kPa and 6.53 wt. 

% (38.4 cm
3
.g

-1
, 1.59 mmol.g

-1
) at 295 K and 101 kPa.  

 

 
Fig. 2 a) Comparison HE-PXRD patterns of as synthesized sample 1 (red line) and the pattern 

of this compound calculated from single X-ray diffraction data (black line). b) The patterns 

measured during in-situ heating of 1 in temperature range 25-600 °C. c) The comparison of 

the pattern of final decomposition product of compound 1 measured at 600°C (green line) and 

patterns of NiO (black line) and Ni (red line). d) Nitrogen and e) carbon dioxide adsorption 

isotherm of activated compound measured at different temperature. 
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