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ABSTRACT 

 The metal-organic supramolecular synthons like {…O–Cu–O–H}2, {…O–C–O–Cu–O–H}2, {…O–C–O–Cu–N–N–H}2, etc., were 

pointed out by using Cambridge Structural Data Base (CSD) Mining. The present work describes the relationship between 

magnetic properties and ‘d’ in metal-organic synthons of discussed coordination complexes. The analysis reveals that most of the 

complexes show ‘J’ value if ‘d’ and Cu…Cu distances are in the range of 2.5 to 2.9 Ǻ and 6.5 to 7.9 Ǻ respectively. 

Keywords: Copper complexes, Hydrogen bond, Magnetic interactions, Supramolecular synthon. 

______________________________________________________________________________________________________ 

1. INTRODUCTION 

In crystal engineering, supramolecular synthons have contemporary research attentiveness towards the design and synthesis of 

new families of metal-organic complexes using multidentate ligands involving non-covalent interactions from crystal structures 

with specific functions or properties. The most imperative factor of this supramolecular interaction involving hydrogen bond has 

consequently potential applications in magnetic properties. In this context, an assessment of the crystal and their desired structure-

property relationship govern by magnetic exchange pathways mediated by complementary hydrogen bonding interactions has 

been discussed.  

Magneto-structural analysis with non-covalent Cu…Cu interaction (>4.0 Ǻ) is of a particular interaction. Copper chemistry is 

widely described experimentally
1-6

 and addressed theoretically
7,8

 in magneto-structural point of view, especially concerning 

hydrogen-bonded binuclear systems. These Cu(II) complexes show ferromagnetic/antiferromagnetic coupling depending on their 

geometry. In the addition, these are of theoretical interest as they provide examples of magnetic interactions with an unpaired 

electron. 

The article focuses on how the presence of hydrogen bonds regulates the magneto-structural diversity in H-bonded metal-organic 

coordination complexes. The analysis was done by using the data retrieved by the CSD search. The search was carried out as 

organometallic, single-crystal structures, with 3D coordinates present, being non-polymeric, error free, and with no disorder. The 

distance, d, between acceptor and H was constrained to lie between 1.8 and 3.8 Å. with the upper limit determined by the sum of 

the respective van der Waals radii plus about 10% to capture all possible interactions. 

2. MATERIALS AND METHODS 

CONQUEST
9
- The Cambridge Crystallographic Data Centre was used to search and retrieve the information metallo-

supramolecular networks from the Cambridge Structural Database
10

 (version 5.40 CSD update 2 - 2019). The obtained 

geometrical data was further analyzed for reliable conclusions about the nature of intermolecular hydrogen bonding in the 

supramolecular network. The analysis and demonstration of the structures were performed using PLATON
11

, MERCURY
12

, and 

DIAMOND
13

. 

3. MAGNETO-STRUCTURAL ANALYSIS 

The representative structures among Cu-coordination complexes retrieved from CSD search are discussed one by one. One of the 

hydrogen bonding parameters „d‟, Cu…Cu distances, and isotropic interaction parameter J, Θ of listed copper complexes are 

tabulated in Table 1.  
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Table 1. Hydrogen bonding parameter ‘d’, Cu…Cu distances, and isotropic interaction parameter J 

S. 

No. 
Code Dimer 

O–H···O/ N–

H···O (Ǻ) 

Cu···Cu 

(Ǻ) 

Magnetic 

J cm-1 Θ K 

1.  EJEMEN
14 

{
…

O–H
…

O–Cu–N–N–H}2 2.735 2.716 5.208 -3.0  

   O–H···O (Ǻ)    

2.  KUBVAF01
15 

{
…

O–Cu–O–H}2 3.020 5.750 -0.55 -1.64 

3.  PEPJOK
1 {

…
O–C–O–Cu–O–H}2  2.658 4.901 -6.83  

4.  BUQLIJ
2 {

…
O–C–O–Cu–O–H}2  2.692 4.889 -6.25  

5.  FUTCON
3 {

…
O–Cu–O–H}2  2.601 4.889 -19.8  

6.  KEDNIR
4 {

…
O–Cu–O–H}2  2.629 4.079 -13.2  

7.  FAXGOA
5 {

…
O–Cu–O–H}2  2.475 3.893 -49  

8.  PUQSUQ
6 {

…
O–Cu–O–H}2  2.620 4.085 -12.5  

9.  KAYJAW
16 

{
…

O–C–C–C–C–N–Cu–O–H}2 1.836 7.960 17.2 -0.21 

10.  KAYJEA
16 

{
…

O–C–O–Cu–O–H} 2.875 7.234 -4.24  

11.  IBAJIG
7 

{
…

O–N–(O)2–Cu–O–H}2 2.880 6.255 -11.4  

   N–H···O (Ǻ)    

12.  UWDOG01
17 

{
…

O–Cl–(O)2
…

H–N–Cu–N–H}2 3.074 8.271 -0.38 -0.47 

13.  FIJTUP
18 

{
…

O–C–O–Cu–N–N–H}2 2.682 4.430 -3.25  

14.  AMORCU
19 

{
…

O–Cu–N–H}2 3.044 4.244 -4.93 -6.45 

3.1. Dimer with O–H…O and N–H…O Hydrogen Bond 

In H-bonded EJEMEN
14

, oxygen atom of coordinated nitrate and lattice methanol forms O–H…O hydrogen bonds, and the 

nitrogen atom of ligand and oxygen atom of lattice methanol forms N–H∙∙∙O hydrogen bond (Fig. 1). The exchange pathways are 

formed by six atoms involving both O–H…O and N–H∙∙∙O hydrogen bond between Cu∙∙∙Cu dimer (5.208 Ǻ). The N–H∙∙∙O 

hydrogen bond between dimer shows weak antiferromagnetic interaction having J= -3.0 cm
-1

. 

 

 

Fig. 1 Copper dimer of EJEMEN: {…O–H…O–Cu–N–N–H}2 with antiferromagnetic property 

3.2. Dimers with O–H…O Hydrogen Bond 

The KUBVAF01
15

 forms a 1D structure by the arrangement of coordinated carboxylate oxygen and water hydrogen bond with 

alternate {…H–N–C═O} and {…O–Cu–O–H} metal-organic supramolecular synthon (Fig. 2a), the structure of the crystal contains 

Cu…Cu intra-dimer distance (6.67 Ǻ) and inter-dimer (5.75 Ǻ) respectively. The intra-dimer and inter-dimer coupling act as two 

antiferromagnetic exchange pathways, J= -0.53 cm
-1 

indicates antiferromagnetic inter-dimer interaction is stronger than intra-

dimer.  

In the crystal structure of PEPJOK
1
 carboxyl oxygen of methoxy salicylate anion forms {…O–C–O–Cu–O–H} stronger inter-

dimer interaction (Cu∙∙∙Cu, 4.901 Ǻ) with a water molecule  (Fig. 2b).  

The BUQLIJ
2
 complex forms a strong hydrogen bond between an axial water molecule and the carboxylate oxygen atom forms 

O–C–O–Cu–O–H} metal-organic supra-molecular synthon giving antiferromagnetic interactions; copper ions connect to the 

equatorial ligand through hydrogen bond which shows antiferromagnetic coupling (Fig. 2c). 

http://www.ijasre.net/
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(a) 

 

(b)                                                                                                   (c) 

Fig. 2 Copper dimer of (a) KUBVAF01: {…H–N–C–O}2 and {…O–Cu–O–H}2; (b) PEPJOK and (c) BUQLIJ with {…O–C–

O–Cu–O–H}2 with antiferromagnetic property 

In FUTCON
3
, coordinated water forms O–H…O hydrogen bond with lattice water molecules and lattice perchlorate anion. Cu∙∙∙Cu 

(4.889 Ǻ) is connected by strong {…O–Cu–O–H} hydrogen bond interactions representing antiferromagnetic exchange pathways 

(Fig. 3a). 

 

The {…O–Cu–O–H} dimer in KEDNIR
4
 is formed by an intra-dimer bond between a water molecule and the apical oxygen atom 

of phenolate. This metal-organic supramolecular synthon with Cu…Cu dimer (4.079 Ǻ) center provides antiferromagnetic 

interaction (J = –13.2 cm
–1

), (Fig. 3b). 

 

Strong N–H…O hydrogen bond is formed between the coordinated nitrogen atom and the oxygen atom of the sulfate molecule in 

FAXGOA
5
. The mononuclear molecules are joined by O–H…O hydrogen bond with Cu∙∙∙Cu distance 3.893 Ǻ (Fig. 3c). The 

interaction between hydrogen bond shows strong antiferromagnetic having J = -49cm 
-1

. 

 

In PUQSUQ
6
 phenoxo oxygen and coordinated water molecules form a strong intra-dimer O–H…O hydrogen bond. The magnetic 

exchange interaction is implemented from this hydrogen bond. (Fig. 3d). This hydrogen bond between Cu
II 

atom (Cu…Cu; 4.085 

Ǻ) shows weak antiferromagnetic exchange pathways (J = –12.5 cm
–1

). 
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(a)                                                              (b) 

 

(c)               (d) 

 

Fig. 3 Architecture sustained by {…O–Cu–O–H}2 synthons: (a) FUTCON and (b) KEDNIR with intermolecular 

antiferromagnetic interaction; (c) FAXGOA with intramolecular strong antiferromagnetic interaction;
 
and (d) PUQSUQ 

with intermolecular weak antiferromagnetic interaction 

In KAYJAW
16

, O–H…O hydrogen bond is between the apical water hydrogen atom and a basal anionic ligand oxygen atom. The 

crystal shows ferromagnetic (J= 17.20 cm
-1

) exchange coupling through eight-member dimer {Cu–O–H…O–C–C–C–C–N–Cu} 

(Fig. 4a) having Cu∙∙∙Cu (7.960 Ǻ). 

In KAYJEA
16

, the oxygen atom of oxalate and water hydrogen atoms link to form O–H…O hydrogen bond resulting 1D chain. 

KAYJEA have two intermolecular O–H…O hydrogen bond, the shortest O…O bond shows weak intermolecular antiferromagnetic 

interaction (J= -4.24 cm
-1

; Cu…Cu = 7.234 Ǻ)
 
through {Cu–O–H…O–C–O–Cu} metal-organic supramolecular synthon (Fig. 4b). 

IBAJIG
7
 crystal is formed by basal ligand and an apical water molecule. The oxygen atom of non-coordinated nitrate ion forms a 

strong O–H…O hydrogen bond with the hydrogen of coordinated water molecule resulting in the 1D chain. IBAJIG have two 

types of intra and inter Cu∙∙∙Cu dimer interaction, the shortest intermolecular dimer 6.255 Ǻ involves six atoms {…O–N–(O)2–Cu–

O–H} metal-organic synthon giving J= -11.40 cm
-1

 reveals antiferromagnetic exchange pathways (Fig. 4c); it is more efficient 

interaction. 
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(a)                                                                                     (b) 

 

(c) 

Fig. 4 Copper dimer of (a) KAYJAW- {…O–C–C–C–C–N–Cu–O–H}2 with ferromagnetic; (b) KAYJEA- {…O–C–O–Cu–

O–H};  (c) IBAJIG- {…O–N–(O)2–Cu–O–H}2 with weak antiferromagnetic property 

3.2. Dimers with N–H…O Hydrogen Bond 

In the structure of UWVDOG01
17

 hydrogen bond links anion and cation through N–H…O synthon (Fig. 5a) which forms an 

antiferromagnetic exchange pathway. The distance between Cu∙∙∙Cu is 8.2714 Ǻ which causes weak antiferromagnetic coupling 

due to poor magnetic orbital overlapping. This interaction is through the perchlorate anion and hydrogen bond in the crystal 

lattice. 

In FIJTUP
18

 the NH group of hydrazone and the oxygen atom of coordinated acetate ion forms N–H…O hydrogen bond (Fig. 5b). 

The dimer (Cu…Cu; 4.430 Ǻ) forms by six atom long interaction pathways {…O–C–O–Cu–N–N–H–} giving intermolecular 

antiferromagnetic exchange coupling (J = –3.25 cm
–1

). 
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(a)                                                                             (b) 

 

(c) 

 

Figure 5 Copper dimer involving N–H…O of (a) UWDOG01: {…O–Cl–(O)2
…H–N–Cu–N–H}2 with weak antiferromagnetic 

interaction; (b) FIJTUP: {…O–C–O–Cu–N–N–H}2 with the antiferromagnetic property; (c) AMORCU: {…O–Cu–N–H}2 

with the strong antiferromagnetic property. 

The crystal structure of AMORCU
19

 involves O–H…N hydrogen bond between coordinated ammonium ligand and uncoordinated 

carboxylate oxygen resulting in the 3D network. The 1D network involves alternate hydrogen bond {…H–N–C═O} and (…O–Cu–

N–H} as shown in Fig. 5c. The strong interaction Cu∙∙∙Cu (4.2442 Ǻ), resulting in strong intermolecular antiferromagnetic 

interaction having J = -4.93 cm
-1

. 

4. CONCLUSION 

All of these structural topographies could be recognized by the hydrogen-bond bridges connecting metal centers which permit 

magnetic exchange pathways and deliberate materials design. Fig. 6, clearly indicates the relationship between magnetic 

properties and hydrogen bond parameter „d‟ in metal-organic synthons of discussed coordination complexes. Most of the 

complexes show that „J‟ value will be more towards positive numbers if „d‟ and Cu…Cu distances are in the range of 2.5 to 2.9 Ǻ 

and 6.5 to 7.9 Ǻ respectively. 
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Figure 6 Scatter plot between J cm-1, d Ǻ, and Cu∙∙∙Cu Ǻ 

The present study reveals that metal-organic supramolecular synthons play a significant role in the context of crystal packing, 

structural diversity, and magnetic exchange pathways. The H-bonded metal-organic supramolecular synthons, for example {
…

O–

Cu–O–H}, {
…

O–H
…

O–Cu–N–N-H}, {
…

O–C–C–C–C–N–Cu–O–H}, {
…

O–C–O–Cu–O–H}, {
…

O–N–(O)2–Cu–O–H}, {
…

O–Cl–

(O)2
…

H–N–Cu–N–H}, and {
…

O–C–O–Cu–N–N–H} are the only artifact in discussed copper complexes for structural diversity, 

and magnetic properties as well through magnetic-exchange/superexchange phenomenon. 
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