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a b s t r a c t 

Furan clusters are very important to understand the dynam- 

ics and properties of the furan solvent. They can be used 

combined with quantum cluster equilibrium theory to theo- 

retically determine the thermodynamics properties of the fu- 

ran solvent. To understand the structures of the furan clus- 

ters, one needs to understand the non-covalent interactions 

that hold the furan molecules together. In this paper, we have 

provided the data necessary to understand the non-covalent 

interactions in furan clusters. Firstly, the structures of the 

furan clusters have been generated using classical molecu- 

lar dynamics as implemented in the ABCluster code. Sec- 

ondly, the generated structures have been fully optimized at 

the MP2/aug-cc-pVDZ level of theory. The optimized Carte- 

sian coordinates of all the investigated structures are re- 

ported in this work to enable further investigations of the 

furan clusters. These Cartesian coordinates will save compu- 

tational time for all further investigations involving the fu- 

ran clusters. Thirdly, to understand the nature of the non- 

covalent interactions in furan clusters, we have performed a 

quantum theory of atoms in molecule (QTAIM) analysis using 

AIMAll program. Using QTAIM, we have provided the critical 

points, bond paths and their related properties for all the in- 

vestigated structures. These data can be used to identify and 

classify the non-covalent interactions in furan clusters. The 
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reader can refer to the original article for further informa- 

tion and discussion of the data provided herein Malloum and 

Conradie (2022) [1] . 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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Subject Chemistry 

Specific subject area Physical and Theoretical Chemistry 

Type of data Figure 

Table 

How data were acquired Geometrical structures data have been obtained using the Gaussian 16 

quantum Chemistry program. The data for the analysis using quantum 

theory of atoms in molecules have been generated by AIMAll code. 

Data format Analyzed 

Raw 

Parameters for data collection Raw data (optimized Cartesian coordinates of the structures) are 

extracted directly from the Gaussian output files. Analyzed data 

(description of critical points and their related figures) were obtained 

from the AIMAll program. 

Description of data collection Optimization of the geometries have been performed using the 

resources of the Center of High Performance Computing (CHPC), South 

Africa. The QTAIM analysis has been performed in our laboratory 

(Physical Chemistry Laboratory of the Department of Chemistry, 

University of the Free State). 

Data source location Institution: Department of Chemistry, University of the Free State 

City/Town/Region: Bloemfontein 

Country: South Africa 

Data accessibility With the article 

Related research article Alhadji Malloum and Jeanet Conradie, Structures, Binding Energies and 

Non-Covalent Interactions of Furan Clusters, J. Mol. Graph. Model. 111 

(2022) 108102 [1] . https://doi.org/10.1016/j.jmgm.2021.108102 

alue of the Data 

• The critical points and bond paths of the structures of the furan tetramer give visual under-

standing of the non-covalent interactions in furan clusters. 

• Cartesian coordinates data of the structures of the furan clusters from dimer to tetramer

will be useful for further investigations on furan clusters. For instance, this data can be used

directly to calculate the properties of furan clusters without prior optimizations. 

• Data in tables reporting the properties of bond critical points can be used to quantify the

strength and determine the nature of non-covalent interactions in furan clusters. 

• The data reported in this work can be used combined with quantum cluster equilibrium

theory to determine the thermodynamics properties of furan solvent. 

• The optimized Cartesian coordinates can be used for further investigations involving proton

transfer, ions transfer, proton and ions solvations taking place in furan solvent. 

. Data Description 

We have reported in Fig. 1 the structures of the furan tetramer and their relative energy as

ptimized at the MP2/aug-cc-pVDZ level of theory. In addition, Bond critical points (BCP), Ring

ritical points (RCP) and cage critical points (CCPs) are reported therein. In Fig. 1 , covalent bonds

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jmgm.2021.108102
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Fig. 1. Critical points and bond paths of the structure of the furan tetramer within 1.0 kcal/mol. Bond critical points 

(BCP) are reported in green color, Ring critical points (RCP) are in red color while cage critical points (CCPs) are in blue 

color. Isomers Furan4_1 to Furan4_4 are from the original research paper. 

 

 

 

 

 

 

 

 

 

 

are represented by solid lines while non-covalent interactions are represented by dash lines.

Fig. 1 can be used to determine the possible non-covalent interactions of the furan clusters.

Furthermore, we have reported the properties of the bond critical points of the corresponding

structures of the furan dimer to tetramer in the supplementary file (excel tables). The struc-

tures of the furan dimer are reported in the original research paper, and the coordinates of the

dimers are provided in the supporting information. The BCP properties reported in these tables

are described as follows: the name of the bond critical point ( name ), the two atoms involved in

the bond critical point ( Atoms ), the electron density at the bond critical point ( ρ), the Laplacian

of the electron density at the bond critical point ( ∇ 

2 ρ), the ellipticity of the bond ( Ellipticity ),

the electron kinetic energy density at the bond critical point ( K ) and the difference between



4 A. Malloum and J. Conradie / Data in Brief 40 (2022) 107766 

t  

r  

d  

o  

o  

C  

m  

s

2

 

l  

m  

(

J

 

w  

I  

n

a  

a  

I  

c  

o  

D  

g  

F  

o  

G  

o

 

i  

f  

t  

t  

t  

i  

(  

o  

(  

h  

t  

c  

c  

t  

D  

c  

g

he bond path length with a corresponding geometric bond length ( BPL-GBL_I ). Using the data

eported in these tables one can quantify the strength of the non-covalent interactions. In ad-

ition, these tables can also be used to classify the different types of non-covalent interactions

f the furan clusters. Furthermore, the Cartesian coordinates of all the investigated structures

f the furan clusters from dimer to tetramer are provided in the supplementary material. These

artesian coordinates have been initially generated using ABCluster code followed by full opti-

izations at the MP2/aug-cc-pVDZ level of theory (see further description in the methodological

ection). 

. Experimental Design, Materials and Methods 

Initially, the geometries of the furan clusters have been generated using classical molecu-

ar dynamics simulations as implemented in ABCluster code. ABCluster performs a global opti-

ization to identify local and global minima energy structures on the potential energy surfaces

PESs) of molecular clusters. ABCluster uses a potential that consider electrostatics and Lenard–

ones interactions. The potential used by ABCluster is given by: 

U = 

N ∑ 

I=1 

N ∑ 

J<I 

∑ 

i I 

∑ 

j J 

( 

e 2 

4 πε0 

q i I q j J 

r i I j J 
+ 4 εi I j J 

( (
σi I j J 

r i I j J 

)12 

−
(

σi I j J 

r i I j J 

)6 
) ) 

. (1)

here I and J are the indices of the molecules, i I and j J are the indices of the atoms in molecules

and J, respectively. r i I j J is the distance between atom i I and j J . There are three parameters that

eeds to be set in ABCluster: the scout limit g limit , the size of the population of trial solutions SN

nd the maximum cycle number g max . In the present investigations, we used g limit = 4 , SN = 60

nd g max = 10 , 0 0 0 . ABCluster performs the global optimization using the bee colony algorithm.

t tries to mimic the foraging behavior of bees in nature to locate the best nectar. The ABCluster

ode has been used successfully in our previous work to generate initial structures for further

ptimization [2–6] . The reader can refer to those works or the original works of Zhang and

olg [7,8] for further details on the generation of the structures using ABCluster. The geometries

enerated using ABCluster have been fully optimized at the MP2/aug-cc-pVDZ level of theory.

requencies calculation has been performed at the same level of theory to ensure true location

f local/global minima. Optimization and frequencies calculations have been performed using

aussian 16 suite of program. To ensure the accuracy of the optimization we used the tight

ption of the optimization. 

We used the AIMAll [9] program to generated the data used for the quantum theory of atoms

n molecule (QTAIM) analysis. It should be noted that AIMAll uses the formatted checkpoint file

rom the optimized structures at the MP2/aug-cc-pVDZ using Gaussian 16. QTAIM analyses the

opology of the electron density of a given molecule to determine the critical points of the sys-

em. The roots of the first order derivatives of the electron density represent the critical points of

he molecule. There are four critical points which are mainly used in QTAIM analysis: atom crit-

cal point (3, −3) ; bond critical points (3, −1); ring critical points (3, 1); and cage critical points

3, 3). These critical points are identified depending on the sign of the second order derivatives

f the electron density, ∇ 

2 ρ . Two atoms critical points (ACPs) can be linked by a bond path

BP) along which lies a bond critical point (BCP). The BCP is located where the electron density

as its minimum value along the bond path. The electron density and the second order deriva-

ives of the electron density at a bond critical point can be used to identify the nature of the

orresponding bonding [10,11] . The topology of the electron density and the properties of bond

ritical points provide a universal description of bonding [12] . A positive value of ∇ 

2 ρ is indica-

ive of non-covalent interaction while negative value of ∇ 

2 ρ is indicative of covalent bonding.

epending on the interval in which the value of ρ falls, one can identify the nature of the

orresponding bonding. The range proposed for ρ and ∇ 

2 ρ at a bond critical point for a hydro-

en bond to exist, is 0.002-0.035 ea −3 for ρ and 0.024-0.139 ea −5 for ∇ 

2 ρ [13] . 

0 0 
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Supplementary Material 

Cartesian coordinates of the structures of the thiophene clusters (dimer, trimer, and tetramer)

are reported therein. In addition, we have reported the properties of the bond critical points for

the furan dimer, trimer, and the furan tetramer. 

Supplementary material associated with this article can be found in the online version at

doi: 10.1016/j.dib.2021.107766 
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