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TOTAL BUDGET 2 030 000 1 289 375 1 292 000 1 416 610 972 015 7 000 000



Summary

The project proposes a systematic study of a novel generation of metal-organic

frameworks (MOFs) based on made-by-design organo-metallic tectons.

A special emphasis will be given to the post-synthesis processing of the new MOFs:

removal of solvent and weakly coordinated ligands; functionalization by

nanoconfinement with metal nanoparticles and generation of acidic and basic sites.

The properties of the newly synthesized MOFs will be investigated as follows:

 sorption capacity of various gases (H2, CO2, C2H2, etc.)

 catalytic properties (e.g. enantioselective organic reactions catalyzed by chiral

MOFs or asymmetric aldol reactions between representative ketones and aromatic

aldehydes, under solvent-free conditions, using functionalized MOFs with acidic

and basic sites)

 luminescent properties and the influence brought by host molecules

 ability to play a role in decontamination processes (e.g. as adsorbents for the

molecules resulted from degradation of pharmaceutical compounds via either liquid

phase catalytic oxidation or plasma)



Objectives

Main objectives:

A. Design, synthesis and characterization of new families of organic spacers

B. Design, synthesis and characterization of new organometallic spacers and potential

organometallic nodes.

C. Building MOFs based on the newly designed and synthesized organic and

organometallic spacers.

D. Optimization of MOFs architectures based on the design improvement of new

spacers and organometallic nodes.

E. Optimizing MOFs properties by post-synthesic processes.

F. Generation of acidic and basic sites in MOFs showing optimized properties by

nanoconfinement with metal nanoparticles and post-synthetic functionalization.

G. Evaluation of selective sorption capacity of MOFs for various molecules.

H. Investigation of gas (hydrogen) storage capability of synthesized MOFs for energy

applications.



Project Organization

The goal of the project is to provide a rational design for the synthesis of new MOFs and 

to prove their effectiveness in several applications, such as catalysis, energy storage, luminescence, etc. 
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Milestones

 organic and organometallic tectons; new families of MOFs based on layered

cyclophanes, C3 cryptocyclophanes and new tetrahedral spacers

 MOFs with high capability for the storage of gases and/or high catalytical activity

 luminescent and/or chiral materials



 Design of novel coordination polymers using organometallic

spacers and nodes

Major Scientific Results

The first 3-D coordination polymer constructed from binuclear 

alkoxo-bridged nodes and linear spacers – [Cu(pa)2(py2Hg)2] (BF4)2

T. Mocanu, C.I. Rat, C. Maxim, S. Shova, V. Tudor, C. Silvestru, M. Andruh, Bis(4-pyridyl)mercury – a new linear tecton in crystal 

engineering: coordination polymers and co-crystallization processes, CrystEngComm, 2015, 17, 5474-5487.



 Design of 3-D coordination networks for gas sorption and

postsynthetic modifications for catalysis

Major Scientific Results

Grafting of the chiral, dimeric CrIII–salen 

complex onto [Cu2(mand)2(hmt)]

Candu, N.; Tudorache, M.; Florea, M.; Ilyes, E.; Vasiliu,

F.; Mercioniu, I.; Coman, S.M.; Haiduc, I.; Andruh, M.;

Parvulescu, V.I., Postsynthetic modification of a Metal-

Organic Framework (MOF) Structure for

Enantioselective Catalytic Epoxidation, ChemPlusChem

2013, 78, 443-450.

3-D metal−organic 

framework, 3
∞[Cu2(mand)2(hmt)]·H2O

Ilyes, E.; Florea, M.; Madalan, A.M.; Haiduc, I.; Parvulescu,

V.I.; Andruh, M., A Robust Metal-Organic Framework

Constructed from Alkoxo-Bridged Binuclear Nodes and

Hexamethylenetetramine Spacers: Crystal Structure and

Sorption Studies, Inorg. Chem. 2012, 51, 7954-7956.



 Synthesis of new organic ligands with tetrahedral symmetry

 Synthesis of new polycarboxylates spacers for constructing

coordination polymers

Major Scientific Results

L. Pop, M.L. Golban, N.D. Hadade, C. Socaci, I. Grosu, CuAAC Synthesis of Tetragonal Building Blocks Decorated with

Nucleobases, SYNTHESIS-STUTTGART, 2015, 47, 2799-2802.

New rigid nucleobase-decorated

tetrapodants exhibiting 1,3,5,7-

tetraphenyladamantane and 9,9’-

spirobifluorene central units



 Investigation of enantioselective organic reactions catalyzed by

chiral MOFs

 Design of heterotrimetallic coordination polymers displaying slow

relaxation of the magnetization

Major Scientific Results

M.G. Alexandru, D. Visinescu, M. Andruh, N. Marino, D. Armentano, J. Cano, F. Lloret, M. Julve, Heterotrimetallic coordination

polymers: {CuIILnIIIFeIII} chains and {NiIILnIIIFeIII} layers: Synthesis, crystal structures, and magnetic properties, Chemistry A

European Journal, 2015, 21, 5429-5446.

b

a. 2-D coordination network of {NiIITbIIIFeIII}

b. The heterotrimetallic compound exhibits slow

relaxation of the magnetization



 Design of novel coordination polymers using chiral nodes

Major Scientific Results

A. S. Dinca, N. Candu, S. Shova, F. Lloret, M. Julve, V. I. Parvulescu, M. Andruh, A new chiral dimanganese(III) complex:

synthesis, crystal structure, spectroscopic, magnetic, and catalytic properties, RSC Adv., 2016, 6, 86569

CD spectra for the two enantiomers,

[MnIII
2(μ-OCH3)2(R-valBINAM)2] and

[MnIII
2(μ -OCH3)2(S-valBINAM)2].

(a) Perspective view of the

[MnIII
2(μ-OCH3)2(S-valBINAM)2]·2DMF enantiomer.

(b) Detail showing the two homochiral chromophores.



 Catalytic properties of novel coordination polymers using

chiral nodes

Major Scientific Results

A. S. Dinca, N. Candu, S. Shova, F. Lloret, M. Julve, V. I. Parvulescu, M. Andruh, A new chiral dimanganese(III) complex:

synthesis, crystal structure, spectroscopic, magnetic, and catalytic properties, RSC Adv., 2016, 6, 86569

Methyl trans-cinnamate epoxidation catalyzed by the complexes 1 and 2.

Reactie Catalizator Selectivitate 

in epoxid (%)

TOF (h-1)

EtOH (solvent) IPA (solvent)

1 Faracatalizator - - -

2 [MnIII
2(CH3O)2(S-valBINAM)2] >99.9 (S) 0.03 -

3 [MnIII
2(CH3O)2(S-valBINAM)2] >99.9 (S) - 4.8∙10-3

4 [MnIII
2(CH3O)2(R-valBINAM)2]∙ >99.9 (R) 0.04 -

5 [MnIII
2(CH3O)2(R-valBINAM)2]∙ >99.9 (R) - 7.3∙10-3

Reaction conditions: 0.162 g

TMC (1 mmol), 8.1 mg of

catalyst, Et3N = 0.1 g, (N-

methylmorpholine-N-oxide) =

0.1757 g, 72 h, 6 mL EtOH :

H2O (5 : 1 v/v) or IPA : H2O

(5 : 1 v/v) solvent mixtures.



 One-dimensional coordination polymers constructed from

binuclear 3d–4f nodes and isonicotinato spacer

Major Scientific Results

A. A. Patrascu, S. Calancea, R. A. Allão Cassaro,S Soriano, A. M. Madalan, C. Maxim,M. A. Novak, M. G. F. Vaz, M. Andruh,

One-dimensional coordination polymers, constructed from binuclear 3d-4f nodes and isonicotinato spacers, CrystEngComm.,

2016, 18, 4779.

Asymmetric unit

[Co(valpn)Gd(hfac)2(IN)]

1-D coordination polymer



 One-dimensional coordination polymers constructed from

binuclear 3d–4f nodes and isonicotinato spacer

Major Scientific Results

A. A. Patrascu, S. Calancea, R. A. Allão Cassaro,S Soriano, A. M. Madalan, C. Maxim,M. A. Novak, M. G. F. Vaz, M. Andruh,

One-dimensional coordination polymers, constructed from binuclear 3d-4f nodes and isonicotinato spacers, CrystEngComm.,

2016, 18, 4779.

Asymmetric unit

[Ni(valpn)Gd(hfac)2(IN)]

1-D coordination polymer



 Syntheses of new triorganophosphine chalcogenides

Major Scientific Results

L. Dubovan, A. Poellnitz, C. Silvestru, Tris(3-pyridyl)- and tris(4-pyridyl)phosphine chalcogenides and their complexes with

ZnTPP (TPP = tetraphenylporphyrinate), Eur. J. Inorg. Chem,. 2016, 1521–1527.

Synthesis of tri(3-pyridyl)phosphine 

chalcogenides.

Synthesis of tri(4-pyridyl)phosphine 

chalcogenides.



Major Scientific Results

L. Dubovan, A. Poellnitz, C. Silvestru, Tris(3-pyridyl)- and tris(4-pyridyl)phosphine chalcogenides and their complexes with

ZnTPP (TPP = tetraphenylporphyrinate), Eur. J. Inorg. Chem,. 2016, 1521–1527.

 Syntheses of ZnTPP complexes of 

triorganophosphine chalcogenides

2, 3, 6, and 7.



 Syntheses of adamantane-based covalent–organic frameworks.

Evaluation of their stability, adsorption capability, and behavior as

catalysts.

Major Scientific Results

M. M. Trandafir, L. Pop, N. D. Hădade, M. Florea, F. Neațu, C. M. Teodorescu, B. Duraki, J. A. van Bokhoven, I. Grosu, V.I.

Pârvulescu, H. Garcia, Adamantane-based covalent–organic framework: stability, adsorption capability, and behaviour as catalyst

and support for palladium and gold for the hydrogenation of nitrostyrene, Catal. Sci. Technol., 2016, DOI: 10.1039/C6CY01631F.



Major Scientific Results

T. Mocanu, L. Pop, N.D. Hădade, S. Shova, I. Grosu, M. Andruh, Coordination polymers constructed from tetrahedral shaped

adamantane tectons, CrystEngComm, DOI: 10.1039/C6CE02146H – accepted manuscript.

 Coordination polymers constructed from tetrahedral shaped

adamantane tectons

Two rigid tetrahedral organic linkers derived from adamantane have been employed in

constructing a 3-D, 4-fold interpenetrated framework featuring a PtS topology,

[CuL1(H2O)2](BF4)2∙8H2O (2) (L1= 1,3,5,7-tetrakis{4-(4-pyridyl)phenyl}adamantane), and a

2-fold interpenetrated grid–like coordination polymer, [Mn(hfac)2(L2)0.5] (1) (L2= 1,3,5,7-

tetrakis(4-cyano-phenyl)adamantane).

(1) (2)
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