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Chapter 1 Introduction 

1.1. General introduction to metal-organic frameworks (MOFs) 

1.1.1. Definition, terminology and nomenclature 

Figure 1-1. The diagram (top) represents Coordination Compound family according to IUPAC 
classification, and the definition of subclasses of the Coordination Compound was tabulated 

(bottom). 
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1.1.2. A brief history of MOFs 

Figure 1-2. A schematic diagram of the derivation of MOF-5 from the basic zinc acetate complexes 
by replacing acetate with the bridging linker bdc. 
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Figure 1-3. A histogram of the number of publications in each year retrieved by the search term 
'metal-organic framework' in SciFinder. 
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1.1.3. Building blocks and topology 

Figure 1-4. A few representative secondary building units (SBUs) which were depicted with ball & 
stick and polyhedral models. 
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Figure 1-5. A few examples of (a) di-, (b) tri- and (c) tetra-topic organic linkers, and (d) nitrogen-
based linkers. 
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Figure 1-6. The two frameworks have the same diamond-like connectivity, so their topologies are 
represented with dia. However, the nodes in (b) are polynuclear augmented cluster, so the suffix '-

a' was added to describe the augmented node. 
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1.1.4. Synthesis and activation of MOFs 
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Figure 1-7. The process of DMF decomposition and the way how resulting formic acid and 
dimethylamine are utilised in MOF-5 crystal formation. Hydrogen atoms were omitted for clarity. 
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Figure 1-8. A schematic diagram of the activation process with solvent exchange and vacuum. 
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1.1.5. Postsynthetic modification 

1.1.5.1. Addition of guest components 

Figure 1-9. A few examples of ligands in various MOFs before (a) and after (b) postsynthetic 
metalation. 
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1.1.5.2. Implanting a functional group to the ligand backbone 
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1.1.5.3. Replacing structural components 

Figure 1-10. (a) Four different functional groups were added to the bdc-NH2 ligand in MIL-53(Al)-
NH2 by forming a covalent bond through the PSM; (b) A brief scheme of PSD; IRMOF-Pro-Boc was 
synthesised from the Boc protected ligand, then the Boc group was removed by thermolysis to 

yield IRMOF-Pro. 
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1.2. Diversity of MOFs 

Figure 1-11. The parent structure was built from ligand L0 and L1 along with Zn(II). The linear ligand 
L1 was exchanged with L2, and then L2 was successively exchanged with L3, L4 or L5 by means of 

SALE. The blue sphere represents Zn. 
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1.2.1. Isoreticular chemistry in MOFs 

Figure 1-12. 3×3 Unit cell of IRMOF with pcu topology is shown on the left, and various linear 
organic ligands are depicted on the right. The ligands sharing the same backbone are presented 

with the same colour. 
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1.2.1.1. Physical diversity 

Figure 1-13. (a) Ditopic linear linkers to synthesise MOF-74 series; (b) ball and stick representation 
of MOF-74 structure indicating 1D channel pore; (c) the polyhedra model of a continuous SBU 

along the z-axis with a coordinating DOT ligand which illustrates how o-hydroxyl group cooperates 
with carboxylate to form the infinite SBUs. 
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Figure 1-14. (a) The smallest (PCN-61 with btei) and largest (PCN-610 with ttei) frameworks in the 
PCN-6x series; (b) hexatopic linkers building PCN-6x series. The large spheres indicate void spaces 

in the frameworks. 
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Figure 1-16. A schematic diagram of the syntheses of a MUF-7 series. Eight different MOFs which 
provide a distinct pore environment are synthesised from various combinations of the non-

functionalised or functionalised version of each ligand set. 
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Figure 1-17. (a) Brief scheme of formation of LIFM-10 series; (b) a few distinct properties of each 
MOFs composed of different metal ions. 
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1.2.2. Complexity and heterogeneity in MOFs 

1.2.2.1. Multicomponent MOFs (MC-MOFs) 
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Figure 1-18. A schematic diagram of MUF-8 and MUF-84 synthesis. 
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Figure 1-19. The various potential outcomes from the MUF-7 synthesis. Each ligand can form its 
own MOF as the orange arrows indicate, and two subsets of two ligands combination also form the 
distinct structure as indicated with blue and green arrows. MUF-7 can be formed only in the case 

of winning the competition among the potential MOF formations. 
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1.2.2.2. Multivariate MOFs (MTV-MOFs) 

Figure 1-20. The tritopic btb in MUF-7 was replaced with the complex of Cu(I) and PyC, and the 
linear bpdc was replaced with a slightly shorter linker, ndc. 
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1.3. Application of MOFs 

Figure 1-21. (a) MTV-MOF-5, which was built from nine different bdc derived linkers possessing a 
various functional group(s); (b) MTV-MOF-74, which consists of ten different metal ions. 
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1.3.1. Hydrogen storage and CO2 capture 

1.3.1.1. H2 storage 
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Figure 1-22. NOTT-100, -101, -102 and -103 were prepared from the organic linker L1, L2, L3 and 
L4, respectively along with Cu(II). The BET surface area, pore diameter, pore volume and total H2 

adsorption in wt% of each framework were also presented. 
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1.3.1.2. CO2 capture 
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Table 1-1. Summary of gas adsorption data and IAST-calculated selectivities for the MUF-16 at 1 bar 
and 293 K.
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1.3.2. Catalysis 

Figure 1-23. The conceptual diagram showing interchangeable azobenzene isomer moiety in PCN-
123. Only two azobenzenes were presented without H atoms for the clarity. 
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1.3.2.1. Open metal sites on SBU 
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1.3.2.2. Organic components on the ligand backbone 

Figure 1-24. (a) A schematic diagram of inducing open metal sites on the paddlewheel SBU of 
HKUST-1; (b)-(e) a few example reactions which are catalysed by the activated HKUST-1. 
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Figure 1-25. A few examples of organic linker possessing the catalytic functional groups which are 
depicted in yellow and the catalytic reactions conducted by each MOF catalysts. 
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Figure 1-26. A designing scheme of urea containing ligand based on a well-known symmetrical 
thiourea catalyst. 
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1.3.2.3. Metalloligands 

1.3.2.4. Metalloporphyrin based MOFs 

Figure 1-27. Various form of porphyrin derived ligands which possess different type and number of 
binding groups. 
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1.3.2.5. Metallosalen-based MOFs 

Figure 1-29. (a) A schematic diagram of MMPF-3 synthesis; (b) the epoxidation reaction of trans-
stilbene catalysed by MMPF-3. 

Figure 1-28. (a) A schematic diagram of ZnPO-MOF synthesis; (b) a proposed mechanism of the 
acyl-transfer reaction between pyridin-4-ylmethanol and N-acetylimidazole. 
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Figure 1-30. (a) A schematic diagram of syntheses of a few examples of MOF catalysts containing 
Zn(salen) derived ligand; (b) the reactions catalysed by the resulting catalysts. 
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1.4. Introduction to selected experimental techniques 

Figure 1-31. (a) A schematic diagram of syntheses of Cat-3(Zn) and Cat-3(Cd); (b) the asymmetric 
sulfide oxidation reaction catalysed by Cat-3s. 
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1.4.1. BET surface area calculation 
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1.4.2. X-ray crystallography 

1.4.2.1. The fundamental principles 

Figure 1-32. An example of N2 adsorption at 77K and the plots resulted in successive data 
processing to obtain a linear regression line in order to get the variables for the equation (2). 
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Figure 1-34. (a) Two different sets of lattice planes revealed in the different orientation of a crystal 
sample. (b) a unit cell sliced by a set of lattice planes (3, 2, 1); (c) a schematic diagram of reflected 
X-rays on two lattice planes in order to induce the Bragg's Law; the sphere represent a content in 

the unit cell. 

Figure 1-33. (a) The asymmetric unit; (b) the unit cell constructed from the asymmetric unit 
(highlighted in yellow) through symmetry operations; (c) a crystal which is a pack of unit cells 

(depicted yellow cube). 
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1.4.2.3. Powder X-ray diffraction (PXRD) 

Figure 1-36. The step by step procedure refining the contents in the unit cell; (a) the initial coarse 
structure suggested by ShelXT; (b) the structure during the refinement procedure, brown spheres 

are local electron density suggested by the software; (c) the complete structure. 
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