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Abstract

Reticular chemistry, a rapidly evolving field within materials science, focuses on the design,
synthesis, and application of metal-organic frameworks (MOFs). These crystalline materials
possess intricate three-dimensional structures, composed of metal ions coordinated to organic
ligands through strong coordination bonds. This abstract provides an overview of reticular
chemistry, highlighting its fundamental principles, synthesis techniques, and promising
applications Reticular Chemistry is the chemistry of assembling predesigned molecular building
blocks by strong covalent bonds or non-covalent interactions in order to produce extended two-
dimentional or three- dimentional crystalline structures. Metal-organic frameworks and covalent-
organic frameworks are the most common examples in reticular chemistry which have been well
studied and explored during the last years. Molecular weaving is the last and recent functional
solid-state material discovered and synthesized which belongs to reticular chemistry. Until now

there are limited strategies developed to synthesize the molecular woven materials; some of these

strategies depends on forming covalent bonds during the production of the network and the

others targeted to form non-covalent bonds. In this report, the development of molecular woven
materials and the different strategies used to synthesize them, will be discussed, as well as their
expected applications in different fields in our live reticular Chemistry is the chemistry of
assembling predesigned molecular building blocks by strong covalent bonds or non-covalent
interactions in order to produce extended two-dimentional or three-dimentional crystalline
structures. Metal-organic frameworks and covalent-organic frameworks are the most common
examples in reticular chemistry which have been well studied and explored during the last years.

Molecular weaving is the last and recent functional solid-state material discovered and




synthesized which belongs to reticular chemistry. Until now there are limited strategies

developed to synthesize the molecular woven materials; some of these strategies depends on
forming covalent bonds during the production of the network and the others targeted to form
non-covalent bonds. In this report, the development of molecular woven materials and the
different strategies used to synthesize them, will be discussed, as well as their expected

applications in different fields in our lives..




porous organic frameworks (POFs) have become a highly sought-after research domain that offers a
promising avenue for developing cutting-edge nanostructred materials, both in their pristine state and
when subjected to various chemical and structural modifications. Metal -organic frameworks, covalent
organic frameworks, and hydrogen-bonded organic frameworks are examples of these emerging
materials that have gained significant attention due to their unique properties, such as high
crystallinity, intrinsic porosity, unique structural regularity, drivers functionality, design flexibility,
and outstanding stability. This review provides an overview of the sate-of-the-art research on base -
stable POFs,emphasizing the distinct pros and cons of reticular framework nanoparticles compared to
other types of nanoclusters materials. Thereafter, the review highlights the opportunity to produce

multifunctional tailoring nanoparticles to meet specific application requirements. It is recommended

that this potential for creating customized nanoparticles should be the driving force behind future

synthesis efforts to tap the full potential of this multifaceted material category.

Reticular chemistry, derived from the Latin term “reticulum” meaning "net-like" involves the
connection of individual building units such as molecular and clusters using robust bonding to form
extensive and coherent architectures with highly ordered arrangement in a designed maner|[1-3].By
combining the best of inorganic chemistry, organic chemistry, and materials science and engineering,
reticular chemistry is producing a treasure trove of novel materials with remarkable properties.
Considering the number of unique structures catalogued so far in the cambridge structural Datebase
surpassing an impressive milestone[4],this field is at the forefornt of scientific discovery and
innovation|[5-9 |.Indeed, within the field of reticular chemistry, 2D and 3D porous organic farmeworks

(POFs) are among the most significant categories of reticular materials (Fig. 1).
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Fig. 1 Classification diagram of POF-derived nanomaterials

These structured materials are characterized by extended crystalline solids which are formed by
linking secondary building units (SBUs) joining meta-containing sequences through powerful
directional bonds[10-12 | .The exceptional capacity of reticular chemistry to create bespoke materials
based on POFs structure positions this area as a leading contender for addressing a wide range of
issues linked to energy[13-16],separation [17,18] water capture [19,20 |catalysis [21,22],gas
storage[23,24 ],sensing[25,26 |,diagnosis [27,28],and therapy[29,30 |(Fig. 2).
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This outstanding success makes the field a subject of extensive research and development ,with an
abundance of scholarly articles dedicated to POFs synthesis, characterization, and prospective practical
uses. In this context ,the scientific community is actively engaged in studying various aspects of
POFs,leadig to a substantial and continually thriving literatO9ure base on this topic.

Recent extensive research into the design and synthesis of metal-organic frameworks (MOFs) has led
to numerous practical and conceptual development in that direction.[31-35].Specifically , the
chemistry of MOFs has provided an extensive class of crystalline materials with high stability,tunable
metrics,organic functionality, and porosity. Here we present some of the important developments that
have shaped this rapidly growing field and propose a general conceptual framework, which serves as a

useful tool in designing materials constructed from molecular building blocks.

Definitions and Structures :-

Reticular :-(adjective) having the form of a (usually periodic) net.

Isoreticular: - Based on the same net (having the same topology).

MOF-n:- Metal-organic framework(with n an integer assigned in roughly chronological order).
IRMOF-n:- isoreticular MOF(with n an integer referring to a member of the series).
Interpenetration: - A term used to describe the mutual intergrowth of two or more networks in a
structure where the networks are physically but not chemically linked.

Expansion: - Increasing the spacing between vertices in a network.

Decoration: - Replacing a vertex in a net by a group of vertices.

SBU: - The term 'secondary building unit' has been used for some time to describe conceptual

fragments of zeolites; in the context of reticular chemistry it refers to the geometry of the units defined

the points of extension (such as the carboxylate C atoms in most carboxylate MOFs).
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Fig. 9 The role of modulators as a crucial cornerstone in the synlhesi\ of complex systems. a Illustrative presentation describes how the incor-
poration of RE metal ions in combination with Bemou ucnd ﬂuom as a modulator has been found to promote the formation of a hexanuclear
RE cluster. This gisti bination acts as a facilita fl the self-assembly of the metal ions and ligands into a \pecmc hexanu-
clear structure. The RE metal ions, known for their unique electronic properties, interact wnh the fluorobenzoic acid modulator to the
precise arrangement and coordination of the metal atoms in the cluster. This cooperative effect enables the formation of a stable hexanuclear RE
cluster with distinct chemical and structural properties, which holds great potential for various applications in fields such as catalysis, magnet-
ism, and luminescence. b A proposed route outlining the develop from the b lear to the lear cluster with their illustrations
(bottom) showing the hexagonal close packing of the MBBs in gea-MOF-1. The packing is represented by two layers which are respectively
colored in purple and yellow. (reproduced with permission from Ref. [82]. Copyright 2014, Springer Nature). ¢ Polystyrene templated technique
to create ordered macro-microporous MOF single crystals, which includes the use of a modulator (Adapted with permission from Ref. [90].
Copyright 2018, American Association for the Advancement of Science)
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Figure 1 The MOF-5 structure and its topology. a, The MOF-5 structure shown as
Zn0, tetrahedra (blue polyhedra) joined by benzene dicarboxylate linkers (O, red and C,
black) to give an 3D cubic Kk with pores of 8A
aperture width and 12 A pore (yellow sphere) diameter. (Yellow sphere represents the
largest sphere that can occupy the pores without coming within the van der Waals size
of the framework). b, The topology of the structure (primitive cubic net) shown as a ball-
and-stick model. €, The structure shown as the envelopes of the (0Zn4)0+2 cluster (red
truncated tetr and (BDC) ion (blue slat). Note that
opposing slats are all at 90°.
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Reticular materials are crystalline, periodic networks assembled by strong bonds,which have been
increasingly studied as a promising class of porous solids due to their high level of control tunability and
outstanding performance in many applications pertaining to energy, environment, biomedicine, etc [36-38 |.
The high scope of their properties relies on a wide catalogue of readily available molecular building blocks
(MBBs), either organic or inorganic, that can contribute to the framework's features [39,40].The
simplification of each MBB into their basic geometry, connectivity and directionality features has allowed the
rational classification of metal-organic frameworks (MOFs) and covalent- organic frameworks (COFs) into
underlying nets with various topologies,and probably more importantly, the prediction of their structural

features, offering various opportunities for distinct programmed pores or channels. [41-44]

Metal -organic frameworks (MOFs) based on high-connected nets are generally very attractive due to their
combined robustness and porosity. Here,we describe the synthesis of BCN-348, a new high -connected Zr-
MOF built from an 8-connected (8-c) cubic Zr- oxocluster and an 8-c organic linker. BCN-348 contains a
minimal edge-transitive 3,4,8,c eps net,and combines mesoporosity with thermal and hydrolytic stability .

Encouraging results from preliminary studies on its use as a catalyst for hydrolysis of a nerveagent simulant

suggest its potential as an agent for detoxification of chemical weapons and other pernicious compounds.

Reticular chemistry is widely used for the prediction and design of diverse types of periodic extended
structures [45,46,47,48 ].During the past two decades of exploration, edge-transitive nets, nets with one type
of edge, were found to be ideal targets of simple structures in reticular chemistry[45,49,50] . Recently, we
introduced a systematic design principle, named the merged-net strategy, targeting the design of more
complex mixed-linker MOFs|51 |.The merge of two edge-transitive nets, (3,6)-c spn net (transitivity {21} and
6-c hxg net (transitivity {11}), will lead to a merged minimal edge-transitive net[49,52 ].(3,6,12)-c sph net
(transitivity {32}.with a relatively higher complexity (Figure S1). The merged sph net inherited the structural

properties from both parent nets and encompassed the ability to be an ideal design target in reticular
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chemistry. Based on the sph net, two frameworks can merge through shared inorganic molecular building
blocks (MBBs), thus leading to the effective design of intricate mixed-linker MOFs. Practically, utilizing the
merged-net approach, we synthesized a series of highly symmetric mixed-linker MOFs, named sph-MOF-1 to

- 4, based on the 12-c hexanuclear rare earth (RE) clusters[51].

Access to metal-organic frameworks (MOFs) with enhanced mechanical stability is key to their successful
deployment in practical applications. However, the high porosity of the material often affects mechanical
stability. In this article, to achieve highly porous MOFs with enhanced mechanical stability, we explored the
merged-net approach where two relatively fragile frameworks were merged into a robust MOF structure. We
demonstrate the effectiveness of this approach by computationally evaluating mechanical properties of sph-
MOFs with varying lengths of linkers.Prominently, we pinpoint the significance of triangular rigidity on the
robustness of large-pore MOFs and, subsequently, designed and synthesized a rare earth (RE)-based RE-sph-
MOF-5 by the reticulation of hexanuclear RE clusters, tritopic linkers, and unprecedentedly large planar
hexatopic linkers containing 19 phenyl rings. The mechanical properties of sph-MOFs were characterized and
quantified using amplitude-frequency modulation (AM-FM) bimodal atomic force microscopy (AFM)
analyses. Markedly, the mesoporous RE-sph-MOF-5 expresses high mechanical stability despite its large
mesoporous cavities. Mechanical stability plays a key role in the practical applications of metal-organic
frameworks (MOFs). This study provides new insight into the design of high-mechanical-stability MOFs by
merging two mechanically fragile frameworks into a more robust framework. A mesoporous MOF with high
mechanical stability was synthesized by combining the topological merged-net approach and the introduction

of triangular rigidity.

The enhancement of mechanical stability was studied by computational force field calculation and

experimental AFM characterization. Reticular chemistry is the study of linking molecular building blocks by

strong to make crystalline extended structures.




< MOF AND COF Structures :
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Fig. 12. The atom, the molecule, and the covalent organic framework. This progression indicates how the molecule fixes atoms in specific geom-
etry, connectivity, and spatial arrangement, and with reticular chemistry, the framework fixes molecules in specific geometry, connectivity, spatial
arrangement. However, unlike the molecule, the framework encompasses space into which matter can be further manipulated and controlled.
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1. MOF-5

Isoreticular principle:( elongationpore opening) or functionalization of the linker without modifying i

general shape and connectivity. .[53]




2.MOF-2

. (Introduction of SBUs and charged linkers) for the link of ions. [54]

MOF-2
ZN(BDC ) (H.O)

Synthesis-Activation of MOFs. [55]
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Covalent Organic Frameworks(COFs) (64)
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Synthesis Strates:-

I. Covalent Molecular weaves:-

1) Metal complexes as crossing points.

The first molecular weave form by using metal complexes as templates for the formation of crossing
points,was achieved by Yaghi and coworkers, in 2016 This molecular weave consists of two . interlaced
threads(Figure2.1).To produce this molecular weave, bidentate phenanthroline equipped by two aldehyde

moieties was used as ligand to complex with Cu(l) ion a nearly tetrahedral a geometry.[56-63]




Figure 2.1: Molecular weave was constructed from organic threads using copper(1)

as a template (A) to make an extended weaving structure.

2) Layered Metal Organic Frameworks:-

The synthesis of quadritopic cross-shaped building blocks that equipped by carboxylic acid moieties at
two opposite sites and at the other two sites alkyne moieties as reactive groups for Glaser coupling
reactions,was used (Figure 2.4). Square planar complexes formed between the carboxylic groups of four
building blocks and Cu(l) ions, which resulted in a regular grid-like 2D metal-organic framework (MOF)

layer.[56-63]
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Il . Non-Covalent Molecular

1) .17—m and CH—n Interactions: In this method, perylene monoimide (PMI) moieties were installed in

the same direction via triazole linkages at the two penultimate positions of a rigidoligoproline.[56-63].
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2) Hydrogen-Bonded Organic Frameworks:-

It is known that the hydrogen bonds are quite weaker than covalent bonds, but hydrogen bonds
distinguished by there ability to produce bicentric linkages; a single proton can hydrogen-bond to multiple
centers in some cases. Tetrasubstituted tetraphenylethene (TPE) derivative equipped by four phenyl-

hydroxy (PhOH) groups was synthesized and used as a raw material for weaving structures.[56-63].
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% Application of MOFs:

/Open metal sites
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% -Other appliactions of MOFs

Liquid and Gas Phase separations.

. Capture and Degradation of Chemical Warfare Agents.

. Catalysis.

. Drag Delivery.

Sensing.

Air purification.

Liuid phase




s Applications of reticular chemistry :-

1. Net-clipping of 4-c tetrahedra :-

We began by selecting the 17 edge-transitive nets assembled by the combination of 4-c tetrahedral MBBs with

other polygonal and polyhedral MBBs. Among the six uninodal nets,five (dia,sod, Ics, qtz, ana) were

considered to be in their binary form (net-b), to allow for selective splitting .

Cu_(1.3-ADC)(H_O)_ CuL(1.3-ADA)(H_O).
2Cc1) (sqgb)

Fig.- 2 Schematic of the Nnet-clipping approach applied to the
formation of mMmetal—organic materials from tetrahedral 1.3 5. 7-ATC
linker to turmed-twisted 1.3-ADC ((left) or 1.3-ADA (ight) linkers
combined with 4-c paddlewvwheel Cu(nn) MBBs.




2- Net- Clipping of 6-c hexagons:

There are five edge-transitive nets constructed with hexagons: the 2D kgd and hxI topologies; and the 3D
she, hxg-b and mgc nets. Among these, we excluded the hxl topology, due to the unfeasibility to generate
a binodal net due to the presence of odd cycles, as for the aforementioned tetrahedral Ics net (Fig. S4). In

the remaining four nets (kgd, she, hxg-b, and mgc).
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Fig. 3 Schematic of the net-clipping approach applied to formation of reticular materials from (a) hexagonal CPB linker to a trigonal TMTA linker
combined with 3-c Zn(n) MBBs; and (b) from a hexagonal BHEB linker to a trigonal BTEB combined with 4-c paddlewheel Cu(n) MBBs

3- Reticular chemistry and harvesting water from desert air: -[66]

All the advantages imparted by the use of clusters as building units did not at this point include the ability to
functionalize what eventually would be open pores in such frameworks.Accordingly, attention was focused on
the incorporation of organic molecules as building units and these would preferably be charged in order to
enhance the bonding strength with metal ions.However, first it was useful to demonstrate that crystalline
materials can be made by combining transition metal ions with charged organic linkers.Indeed, in a 1995
report,[67] carboxylate organic molecules (1,3,5-benzenetricarboxylate). An important illustration of the SBU
approach came in 1998 when 1,4-benzenedicarboxylate was linked by zinc ions to make what is known as
MOF-2 (Figure 3) whose structure is composed of di-nuclear metal nodes linked into a layered structure with

pores filled with N,N-dimethylformamide molecules[68].




h,(o,c—@—coz) (H20)
2

Figure 3: The carboxylate linkers form di-metallic units (secondary building units, SBUs), to make

architecturally robust, porous MOFs.

At this juncture, it is useful to mention that the SBU approach, the strong metal ioncharged linker bonds, the
gas adsorption measurements to prove permanent porosity,and the ultrahigh porosity of these early MOFs
became the preferred methods and strategies for the further development of MOF chemistry. Today, nearly all
MOFs reported use (a) the same or similar synthesis and crystallization conditions to those used for these
early MOFs, (b) the SBU approach outlined above, and (c) the same gas adsorption measurements to evaluate
and study their porosity. On a foundational level, the success of the building block approach was extended
from the very early examples of all inorganic metal-sulfide frameworks to metal-organic frameworks where

the latter combined two fields of chemistry inorganic and organic into one, and extended molecular metal-organic chemistry

into infinite 2D and 3D structures.[69]




% potential Applications :-

Adaptive Guest Inclusion:
The introducing of motions into solids has become possible by using flexible building blocks and dangling
switchable or mechanically interlocked units into the pores, After the discovery of reticular chemistry. There

are four modes of dynamics in Solids (Figure 3.1):-
a) flexible constituents yield frameworks that distort in response to external stimuli.

b) mechanically Interlocked molecules appended onto the struts move within the constraints imposed by their

interlocking.
¢) switchable units dangling in the pores respond to external stimuli by conformational changes.

d) woven frameworks where large degrees of freedom of the threads allow for adaptive inclusion of

guests[56-63].

a) Breathing b) Robust dynamics

o]-]

c¢) Switching d) Adaptive inclusion

Figure 3.1: Modes of dynamics in solids.




Y. Liu, H. Wu, R. Li, J. Wang, Y. Kong etal., MOF-COF “Alloy” membranes for efcient
propylene/propane separation. Adv. Mater. 34, 2201423 (2022). https://doi.org/10.1002/
adma.202201423.

C.X. Chen, Y.Y. Xiong, X. Zhong, P.C. Lan, ZW. Wei et al., Enhancing photocatalytic hydrogen
production via the construction of robust multivariate Ti-MOF/COF composites. Angew. Chem. Int.
Ed. 134, e202114071 (2022). https://doi.org/10.1002/anie.202114071.

Y. Li, L. Liu, T. Meng, L. Wang, Z. Xie, Structural engineering of ionic MOF@COF heterointerface
for exciton-boosting sunlight-driven photocatalytic flter. ACS Nano 17, 2932 (2023).
https://doi.org/10.1021/acsnano.2¢11339.

P.Z. Moghadam, A. Li, S.B. Wiggin, A. Tao, A.G. Maloney et al., Development of a cambridge
structural database subset: a collection of metal-organic frameworks for past, present, and future.

Chem. Mater. 29, 2618 (2017). https://doi.org/10.1021/acs.chemmater.7b00441.

S.K. Ghosh, W. Kaneko, D. Kiriya, M. Ohba, S. Kitagawa, A bistable porous coordination polymer

with a bond-switching mechanism showing reversible structural and functional transformations.
Angew. Chem. Int. Ed. 47, 8843 (2008). https://doi.org/10.1002/anie.200802803.

D. Ongari, L. Talirz, B. Smit, Too many materials and too many applications: an experimental
problem waiting for a computational solution. ACS Cent. Sci. 6, 1890 (2020).
https://doi.org/10.1021/acscentsci.0c00988.

O.M. Yaghi, M.J. Kalmutzki, C.S. Diercks, Introduction to Reticular Chemistry: Metal-organic

Frameworks and Covalllent Organic Frameworks (John Wiley & Sons, 2019), pp. 16-29.




8- A.G. Slater, M.A. Little, A. Pulido, S.Y. Chong, D.L. Holden et al., Reticular synthesis of porous
molecular 1D  nanotubes and 3D  networks. Nat. Chem. 9, 17  (2017).
https://doi.org/10.1038/nchem.2663.

9- A.G. Slater, P.S. Reiss, A. Pulido, M.A. Little, D.L. Holden et al., Computationally-guided synthetic
control over pore size in isostructural porous organic cages. ACS Cent. Sci. 3, 734(2017).
https://doi.org/10.1021/acscentsci.7b00145.

10-D.J. Tranchemontagne, J.L. Mendoza-Cortés, M. O’keefe,0.M. Yaghi, Secondary building units,
nets and bonding in the chemistry of metal-organic frameworks. Chem. Soc. Rev. 38, 1257 (2009).
https://doi.org/10.1039/B817735J.

11-A. Schoedel, M. Li, D. Li, M. O’Keefe, O.M. Yaghi, Struc[tures of metal-organic frameworks with
rod secondary build(ling units. Chem. Rev. 116, 12466 (2016).

https://doi.org/10.1021/acs.chemrev.6b00346.

12-C.K. Brozek, M. Dinci, Cation exchange at the secondary building units of metal-organic

frameworks. Chem. Soc. Rev.43, 5456 (2014). https://doi.org/10.1039/C4CS00002A.

13-N. Kundu, S. Sarkar, Porous organic frameworks for carbon dioxide capture and storage. J.
Environ. Chem. Eng. 9, 105090 (2021). https://doi.org/10.1016/j.jece.2021.105090.

14-S. Chuhadiya, D. Suthar, S.L. Patel, M.S. Dhaka, Metal organic frameworks as hybrid porous
materials for energy storage and conversion devices: a review. Coord. Chem. Rev. 446, 214115
(2021). https://doi.org/10.1016/j.ccr.2021.214115

15-Y. Zhao, Z. Song, X. Li, Q. Sun, N. Cheng et al., Metal organic frameworks for energy storage and

conversion. Energy Storage Mater. 2, 35 (2016). https://doi.org/10.1016/j.ensm.2015.11.005




16-Y. Zhang, S.N. Riduan, J. Wang, Redox active metal-and covalent organic frameworks for energy
storage: Balancing porosity and electrical conductivity. Chem. Eur. J. 23, 16419 (2017).
https://doi.org/10.1002/chem.201702919

17-S. Zhang, M.K. Taylor, L. Jiang, H. Ren, G. Zhu, Light hydrocarbon separations using porous
organic framework materials.Chem. Eur. J. 26, 3205 (2020).
https://doi.org/10.1002/chem.201904455

18-X. Zhang, J. Lu, J. Zhang, Porosity enhancement of carbazolic porous organic frameworks using
dendritic building blocks for gas storage and separation. Chem. Mater. 26, 4023 (2014).
https://doi.org/10.1021/cm501717¢c

19-S. Laha, T.K. Maji, Binary/Ternary MOF nanocomposites for multi-environment indoor
atmospheric water harvesting. Adv.Funct. Mater. 32, 2203093 (2022).
https://doi.org/10.1002/adfm.202203093

20-L. Sheng, K. Yang, J. Chen, D. Zhu, L. Wang et al., A protophilic MOF enables Ni-rich lithium-
battery stable cycling in a high water/acid content. Adv. Mater. 35, 2212292 (2023).
https://doi.org/10.1002/adma.202212292

21-J. Dong, Y. Liu, Y. Cui, Chiral porous organic frameworks for asymmetric heterogeneous catalysis
and gas chromatographic  separation. Chem. Commun. 50, 14949  (2014).
https://doi.org/10.1039/C4CC07648F

22-Z.J. Lin, J. L0, L. Li, H.F. Li, R. Cao, Defect porous organic frameworks (dPOFs) as a platform for

chiral organocatalysis. J. Catal. 355, 131 (2017). https://doi.org/10.1016/j.jcat.2017.09.014

23-K. Shao, H.M. Wen, C.C. Liang, X. Xiao, X.W. Gu et al., Engineering supramolecular binding sites

in a chemically stable metal-organic framework for simultaneous high C2H2 storage and

separation. Angew. Chem. Int. Ed. 61, e202211523 (2022). https://doi.org/10.1002/anie.202211523

22




24-D.M. Polyukhov, N.A. Kudriavykh, S.A. Gromilov, A.S. Kiryutin, A.S. Poryvaev et al., Efcient
MOF-catalyzed ortho—para hydrogen conversion for practical liquefaction and energy storage. ACS
Energy Lett. 7, 4336 (2022). https://doi.org/10.1021/acsenergylett.2c02149

25-P. Qin, S. Okur, Y. Jiang, L. Heinke, A MOF-based electronicnose for carbon dioxide sensing with
enhanced afnity and selectivity by ionic-liquid embedment. J. Mater. Chem. A 10, 25347 (2022).
https://doi.org/10.1039/D2TA06324G

26-Y.M. Jo, Y.K. Jo, J.H. Lee, HW. Jang, I.S. Hwang et al., MOF[Ibased chemiresistive gas sensors:
toward new functionalities. Adv. Mater. 1, 2206842 (2022). https://doi.org/10.1002/adma.

27-J. Yang, X. Yin, L. Zhang, X. Zhang, Y. Lin et al., Defective Fe metal-organic frameworks enhance
metabolic profling for high-accuracy diagnosis of human cancers. Adv. Mater. 34, 2201422 (2022).
https://doi.org/10.1002/adma.202201422

28-C.R. Quijia, R.C. Alves, G. Hanck-Silva, R.C. Galvao Frem, G. Arroyos et al., Metal-organic
frameworks for diagnosis and therapy of infectious diseases. Crit. Rev. Microbiol. 48, 161 (2022).
https://doi.org/10.1080/1040841X.2021.1950120

29-X. Pan, N. Wu, S. Tian, J. Guo, C. Wang etal., Inhalable MOF-derived nanoparticles for
sonodynamic therapy of bacliterial pneumonia. Adv. Funct. Mater. 32, 2112145 (2022).
https://doi.org/10.1002/adfm.202112145 .

30-S. Mallakpour, E. Nikkhoo, C.M. Hussain, Application of MOF materials as drug delivery systems
for cancer therapy and dermal treatment. Coord. Chem. Rev. 451, 214262 (2022).

https://doi.org/10.1016/j.ccr.2021.214262.

31-Yaghi, O. M., Li, H., Davis, C., Richardson, D. & Groy, T. L. Synthetic strategies, structure

patterns,and emerging properties in the chemistry of modular porous solids. Acc. Chem. Res. 31,

474-484 (1998).




32-Batten, S. T. & Robson, R. Interpenetrating nets: Ordered, periodic entanglement. Angew. Chem.
Int.Edn Engl. 37, 1460-1494 (1998).

33-Fe’rey, G. Building units design and scale chemistry. J. Solid State Chem. 152, 37-48 (2000).

34-Kitagawa, S. & Kondo, M. Functional micropore chemistry of crystalline metal complex-assembled
compounds. Bull. Chem. Soc. Jpn 71, 1739-1753 (1998).

35-Yaghi, O. M., O’Keeffe, M. & Kanatzidis, M. G. Special issue on the design of solids from molecular
building blocks: golden opportunities for solid state chemistry. J. Solid State Chem. 152, 1-321
(2000).

36-M. J. Kalmutzki, N. Hanikel and O. M. Yaghi, Sci. Adv., 2018, 4, eaat9180.

37-N. W. Ockwig, O. Delgado-Friedrichs, M. O'Keeffe and O. M. Yaghi, Acc. Chem. Res., 2005, 38,
176-182.

38-0. M. Yaghi, Mol. Front. J., 2019, 3, 66-83.

39-A. Stein, S. W. Keller and T. E. Mallouk, Science, 1993, 259, 1158-1164.

40-M. Eddaoudi, D. B. Moler, H. Li, B. Chen, T. M. Reineke, M. O'Keeffe and O. M. Yaghi, Acc.
Chem. Res., 2001, 34, 319-330.

41-M. O'Keeffe, M. A. Peskov, S. J. Ramsden and O. M. Yaghi, Acc. Chem. Res., 2008, 41, 1782-1789.

42-M. O'Keeffe and O. M. Yaghi, Chem. Rev., 2012, 112,675-702.

43-0. Delgado-Friedrichs, M. O'Keeffe and O. M. Yaghi, Phys.Chem. Chem. Phys., 2007, 9, 1035-1043.

44-F. A. Wells, Three dimensional nets and polyhedra, Wiley, NewYork, 1977.

45-. Jiang, H., Alezi, D., and Eddaoudi, M. (2021). A reticular chemistry guide for the design of
periodic solids. Nat. Rev. Mater. 6, 466—487. https://doi.org/10.1038/s41578-021-00287-y.

46-Yaghi, O.M. (2016). Reticular chemistry—construction, properties, and precision reactions of
frameworks. J. Am. Chem. Soc.138, 15507-15509. https://doi.org/10.1021/jacs.6b11821.

24




47-Ockwig, N.W., Delgado-Friedrichs, O.,0°Keeffe, M., and Yaghi, O.M. (2005). Reticular chemistry:
occurrence and taxonomy of nets and grammar for the design of frameworks.Acc. Chem. Res. 38,
176-182. https://doi.org/10.1021/ar020022I.

48-Lyu, H., Ji, Z., Wuttke, S., and Yaghi, O.M.(2020). Digital reticular chemistry. Chem 6,2219-2241.
https://doi.org/10.1016/j.chempr.2020.08.008.

49-Chen, Z., Jiang, H., O’Keeffe, M., and Eddaoudi, M. (2017). Minimal edge-transitive nets for the
design and construction of metalorganic frameworks. Faraday Discuss 201,127-143.
https://doi.org/10.1039/C7FD00119C.

50-Chen, Z., Weselinski, L.J., Adil, K., [/Belmabkhout, Y., Shkurenko, A., Jiang, H.,Bhatt, P.M.,
Guillerm, V., Dauzon, E.,Xue,D.-X..et al. (2017). Applying the power of reticular chemistry to
finding the missing alb-MOF platform based on the (6, 12)-coordinated edge-transitive net. J. Am.
Chem. Soc. 139,3265-3274. https://doi.org/10.1021/jacs.7b00219.

51-Jiang, H., Jia, J., Shkurenko, A., Chen, Z., Adil, K., Belmabkhout, Y., Weselinski, L.J., Assen, A.H.,
Xue, D.-X., O’Keeffe, M., and Eddaoudi, M. (2018). Enriching the reticular chemistry repertoire:
merged nets approach for the rational design of intricate mixed-linker metal-organic framework

platforms. J. Am. Chem.Soc. 140, 8858-8867. https://doi.org/10.1021/jacs.8b04745.

52-Chen, Z., Jiang, H., Li, M., O’Keeffe, M., and Eddaoudi, M. (2020). Reticular chemistry 3.2: typical

minimal edge-transitive derived and related nets for the design and synthesis of metal-organic
frameworks. Chem. Rev. 120,8039-8065. https://doi.org/10.1021/acs.chemrev.9b00648.

53-M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wachter, M. O’Keeffe and O. M. Yaghi, Science, 2002,
295 (5554): 469-472. * “One of the continuing scandals in the physical sciences is that it remains
general impossible to predict the structure of even the simplest crystalline solids from a knowledge

of their chemical composition” John Maddox, Nature, 1988, 335, 201.c “Organic chemists are

25




masterful at exercising control in zero dimension.One subculture of organic chemists has learned to
exercise control in one dimension. These are polymer chemists, the chain builders...But in two or
three dimensions, it is a synthetic wasteland.” R.Hoffmann, Scientific American1993,673.

54-H. Li, M. Eddaoudi, M. O’Keeffe and O. M. Yaghi, Nature, 1999, 402 (6759): 276-279.

55-J. E. Mondloch, O. Karagiaridi, O. K. Farha and J. T. Hupp, CrystEngComm, 2013, 15, 9258 A.P.
Nelson, O.K. Farha, K.L. Mulfort and J.T. Hupp, JACS, 2008, 131, 458-460.

56-Lyu, H., Ji, Z., Wuttke, S., & Yaghi, O. M. (2020). Digital reticular chemistry. Chem, 6(9), 2219-
2241.

57-Gutiérrez-Serpa, A., Pacheco-Fernandez, 1., Pasan, J., & Pino, V. (2019). 6(4), 47.

58-Jiao, L., Seow, J. Y. R., Skinner, W. S., Wang, Z. U., & Jiang, H. L. (2019). 27,43-68.

59-Safaei, M., Foroughi, M. M., Ebrahimpoor, N., Jahani, S., Omidi, A., & Khatami, M. (2019). TrAC
Trends in Analytical Chemistry, 118, 401-425.

60-Feng, X., Ding, X., & Jiang, D. (2012). Chemical Society Reviews, 41(18), 6010-6022.

61-Herdlitschka, A., Lewandowski, B., & Wennemers, H. (2019). Organic molecular

weaves. Chimia, 73(6), 450-450.

62-Huang, Q., Li, W., Mao, Z., Zhang, H., Li, Y., Ma, D. .. & Chi, Z. (2021). Chem,

7(5), 7779-7809.

63-August, D. P., Dryfe, R. A., Haigh, S. J., Kent, P. R., Leigh, D. A., Lemonnier, J. F., ... & Young,R.
J.(2020).Nature,588(7838),429 435.

64-T. Ma, E. A. Kapustin, S. X. Yin, L. Liang , Z. Zhou , J. Niu, L. H. Li, Y. Wang, J. Su, J. Li, X.
Wang , W. D. Wang , W. Wang, J. Sun and O. M. Yaghi, Science, 2018, 361, 6397, 48-52.

65-P. J. Milner, R. L. Siegelman, A. C. Forse, M. I. Gonzalez, T. Runéevski, J. D. Martell, J. A. Reimer

and J. R. Long, JACS, 2017, 139, 38, 13541-13553.

26




66-by Cheng-Hsin Liu, Ha L. Nguyen, and Omar M. Yaghi https://doi.org/10.51167/acm00007.

67-Yaghi, O.M., Li, G. and Li, H. (1995). Selective binding and removal of guests in a microporous

metal-organic framework. Nature 378, 703-706.

68-Li, H., Eddaoudi, M., Groy, T.L. and Yaghi, O.M. (1998). Establishing microporosity in open
metal Jorganic frameworks: gas sorption isotherms for Zn(BDC) (BDC =
Benzenedicarboxylate). J. Am. Chem. Soc. 120, 8571-8572.

69-Jiang, J., Zhao, Y. and Yaghi, O.M. (2016). Covalent chemistry beyond molecules. J. Am. Chem.

Soc.138, 3255-3265.




