
J. Nanoanalysis., 9(4): 332-337, Autumn 2022

RESEARCH ARTICLE
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This research surveyed the adsorption of Lewisite warfare agent on the B12N12 
and M+@B12N12 (M

+ = Li+, Na+, K+) nanoclusters with LC-wPBE/ 6-311+G(d,p) at 
the level of theory. Adsorption energy values of Lewisite on the nanoclusters 
were computed, and the impact of metal cation on the adsorption was 
uncovered. Thermodynamic parameters of these responses were computed. 
Molecular orbital analyses of the B12N12 … Lewisite and M+@B12N12 …. Lewisite 
systems were explained.

ARTICLE  INFO 

Article History:
Received 2022-04-10 
Accepted 2022-07-24
Published  2022-12-22

Keywords:
B12N12 Cluster,
Lewisite,
Adsorption,
Molecular Orbital Analysis,
Population of Conduction 
Electrons,
Thermodynamics 
Parameters.

ABSTRAC T

               This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

How to cite this article
Ghiasi R., Emami R., Vasfi Sofiyani M., Computational investigation of adsorption of Lewisite Warfare Agents on the B12N12 and 
M+@B12N12 (M

+ = Li+, Na+, K+) nanoclusters. J. Nanoanalysis., 2022; 9(4): 332-337.  DOI: 10.22034/jna.2022.1946948.1240

INTRODUCTION
Genuine health risks are made after the 

contamination of environment by chemical 
warfare agent (CWA). Among CWAs, trans- 
2-chlorovinyldichloroarsine, known as Lewisite 
(Lew-I), may be a capable rankling chemical warfare 
operator; the primary generation of this agent 
dates back to the conclusion of World War I and 
it caused serious chemical burns of the eyes, skin, 
and lungs [1]. For obtaining Lewisite, acetylene 
reacts with arsenic trichloride [2]. Trivalent arsenic 
is poisonous due to its reactivity with noteworthy 
organic sulfhydryls [3]. In World War II, British 
Anti-Lewisite, 2,3 dimerceptopropanol (H2DMPA, 
BAL), was connected as an antidote to the chemical 
weapon Lewisite, 2-chloroethenyldichloroarsine, 
the so-called “Dew of Death”. Amazingly, the 
activity of this instrument at the molecular level 

and the coordination property of this conventional 
medicate towards various arsenicals are hazy. 
A few researches centered on the interaction of 
arsenous corrosive with the BAL demonstrated 
the structure and soundness of species made in a 
sudden complex system [4]. A research detailed 
computational examination of detoxification of 
Lewisite warfare operators by British anti-Lewisite 
[5]. Nano structures like fullerene empty nano-
clusters of components other than carbon were 
favored due to their uncommon electronic and 
optical characteristics [6-9]. Group III-V nitrides 
are among the foremost profitable nano-clusters 
[10-14]. BN nanoclusters are the isostructural 
course of carbon bucky balls, arranged by chemical 
vapor testimony strategy [15]. These particles 
have been utilized for helpful purposes due to 
the biocompatibility [16].They are regarded to be 
challenge for carbon based fullerenes within the 
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following era gadgets. Arrangement of the B12N12 
nanocluster was detailed by laser desorption 
time-of flight mass spectrometry [17, 18]. A few 
computational examinations were explained almost 
of intelligent between B12N12 cluster and different 
molecules [19-24]. 

This computational study regarded the 
interaction between B12N12 and M+@B12N12 (M+ = 
Li+, Na+, K+) nanoclusters with Lewisite warfare 
agent at LC-wPBE/ 6-311+G(d,p) level of theory. 
The structural parameters, frontier orbital energies 
and thermodynamics parameters were computed. 
The impact of metal cation on the adsorption was 
outlined. 

COMPUTATIONAL METHODS
Optimization and vibrational investigation 

were performed with Gaussian 09 software package 
[25]. The standard 6-311+G(d,p) basis set [26-28] 
were regarded. LC-wPBE functional (a long range-
corrected adaptation of wPBE) [29] is the level of 
theory that most precisely explains the HOMO–
LUMO gap. The identities of optimized structures 
as a vitality least were affirmed by vibrational 
analysis.

RESULTS AND DISCUSSION
Adsorption Energy Values

The most stable isomer of the adsorbed Lewisite 
on the B12N12 nano-cluster is displayed in Fig. 1. At 
that point, this isomer is doped with alkaline metal 
cations. Chosen metal cations are Li+, Na+, and K+. 
Adsorption vitality values of the Lewisite particle 
on the M+@B12N12 nano-clusters are recorded 
in Table 2. The adsorption energy value (∆Ead) is 
ordinarily computed as below:
∆ E a d= E ( c l u s t e r… L e w i s i t e ) - E ( c l u s t e r ) -

E(Lewisite)+E(BSSE)
Where, E (cluster) is the vitality of isolate 

cluster, E (Lewisite) is the energy of the separated 
Lewisite, and E (cluster…Lewisite) is the energy of 
Lewisite adsorbed on the cluster surface. E(BSSE) 
is the  basis set superposition errors (BSSE), which 
was corrected for adsorption vitality  [30, 31]. 
The large negative ∆Eads shows the adsorption 
of Lewisite particle on the nano-clusters. It can 
be found that these adsorptions are vivaciously 
favorable. The adsorption energies showed that 
the doped nanoclusters have more propensities 
to adsorb Lewisite than B12N12 cluster. Adoption 
strength decreased with increasing of atomic 
number of metal cation.   

Bond distances 
B-C and N-C bond separations of Lewisite…

B12N12 and Lewisite…M+@B12N12 nano-clusters 
frameworks are recorded in Table 1. It can be found 
that B-C and N-C bonds within the Lewisite…
M+@B12N12 systems are longer than Lewisite…
B12N12 system. B-C bond lengths decreased with 
increasing of atomic number of metals within the 
Lewisite…M+@B12N12 systems. In contrast, N-C 
bond lengths increased with increasing of atomic 
number of metals within the Lewisite…M+@B12N12 
systems. 

Molecular orbital analysis
The frontier orbitals energy values and the 

HOMO-LUMO gap values in B12N12 and M+@
B12N12 nano-clusters systems are recorded in 
Table 2. These values uncovered more stability of 
frontier orbital within the metal-doped clusters in 
comparison with exclusive cluster. On the other 

 

 

Fig. 1. (a) Front view of the B12N12 nanocluster and (b) the most stable isomer of the adsorbed Lewisite on the B12N12 nanocluster.
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hand, HOMO-LUMO gap values are decreased 
within the M+@B12N12 systems compared to B12N12 
cluster. Plots of frontier orbital in e Lewisite…B12N12 
and Lewisite…Li+@B12N12 nano-clusters systems 
are displayed in Fig. 2. The significant contribution 
of Lewisite fragment can be observed within the 
frontier orbitals of these systems. Comparative 
plots were seen within the Lewisite…Na+@B12N12 
and Lewisite…K+@B12N12 systems. 

Population of conduction electrons
The population of conduction electrons (N) can 

be calculated with following equation: 

In this equation, kB, ∆Egap, T and A are 

Boltzmann constant, HOMO-LUMO gap energy, 
temperature and a constanat (in electrons/m3 
K3/2). ∆Egap values were regarded as a reasonable 
parameter for the adsorbent affectability to an 
adsorbate. If ∆Egap values drop, an exponential 
increment will happen within the populace of 
conduction electrons. The electron populace will 
ordinarily be modified into an electric flag. The 
magnitude of this signal might be ascribed to 
the nearness of Lewisite molecule. Hence, B12N12 

and M+@B12N12 nanoclusters can recognize the 
nearness of Lewisite by making an electrical noise. 

Thermodynamic parameters
Free energy enthalpy and entropy changes (∆G, 

∆H and ∆S, respectively) of B12N12…Lewisite and 
M+@B12N12… Lewisite complexes formation are 
computed in the basis of following reactions: 

B12N12 + Lewisite → B12N12… Lewisite;  ∆ X 
=X(B12N12… Lewisite) – X(B12N12) - X(Lewisite); 
X=G, H, S

M+@B12N12 + Lewisite → M+@B12N12… 
Lewisite; ∆X =X(M+@B12N12… Lewisite) – X(M+@
B12N12)-X(Lewisite); X=G, H, S

The computed parameters are recorded in 
Table 3. The negative ∆G and ∆H values of the 
B12N12… Lewisite and M+@B12N12… Lewisite 
complexes uncovered that the examined responses 
are spontaneous and exothermic, respectively. The 
negative ∆S values of these responses are consistent. 
The arrangement of the particles diminished 
the entropy of the reaction after the interaction 
between two molecules. The more negative values 
of ∆G and ∆H indicated more spontaneous and 
exothermic responses of M+@B12N12… Lewisite 
complexes arrangement than B12N12… Lewisite 
complex. ∆G and ∆H values are diminished with 
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Table 1. Adsorption energy (∆Eads, kcal/mol) values of 
Lewisite on the B12N12 and M+@B12N12 (M+=Li, Na, K) and 
B-C and N-C distances (Å) in the M+@B12N12… Lewisite 
and M+@B12N12… Lewisite systems at the LC-wPBE/ 
6-311+G(d,p) level of theory.
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Table 2. Frontier orbital energy and HOMO-LUMO gap values 
(eV) for B12N12, Lewisite, M+@B12N12… Lewisite and M+@
B12N12… Lewisite systems at the LC-wPBE/6-311+G(d,p) level 
of theory.

Table 3. Thermodynamic parameters (kcal/mol) of adsorption Lewisite on the B12N12 and M+@B12N12 (M+=Li, Na, K)
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expanding of the nuclear effective charge of M+. 
Formation constant values (K) of the 

arrangement of these complexes are calculated by 
following formula: 

ΔG=-nRT  lnK
The computed K values are recorded in Table 3. 

Larger values for M+@B12N12… Lewisite complexes 
than B12N12… Lewisite complex can be seen. These 
values increment with increasing of the nuclear 
efficient charge of M+. 

CONCLUSION
Computational examination of adsorption 

of Lewisite warfare agent on the B12N12 and M+@
B12N12 (M+ = Li+, Na+, K+) nano-clusters with LC-
wPBE/ 6-311+G(d,p) at the level of theory showed 

the doped nano-clusters had more propensity to 
adsorb Lewisite than B12N12 cluster. Appropriation 
strength decreased with increasing of effective 
atomic number of metal cation. Lewisite fragment 
had important commitment within the frontier 
orbitals of examined systems. Responses of M+@
B12N12… Lewisite complexes arrangement was 
more spontaneous and exothermic than B12N12… 
Lewisite complex. 
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