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Abstract
The adsorption of H2Se molecule on AlN-NCS and AlP-NCS surfaces were investigated by using of DFT calculations. The 
potentials of Cl-functionalized AlN-NCS and AlP-NCS for H2Se adsorption were examined. All processes of H2Se-ad-
sorption on considered nanocone sheets were exothermic reactions. The calculated |Ead| amount of complex H2Se with 
AlP-NCS was higher than AlN-NCS. The functionalization of considered nanocone sheets with Cl atom increase |Ead| 
amount of H2Se. Results reveal that, obtained Ead amounts of considered nanocone sheets have linear relationships with 
corresponding orbital energy amounts. Finally, the novel nanocone sheets with higher efficiency to adsorption of H2Se 
can be proposed.
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1. Introduction 
Hydrogen selenide (H2Se) as main toxic gas can be 

produced via reaction of selenium and hydrogen gas and it 
can be formed by reaction of acids with selenide. Some 
paths to H2Se preparation in large and small scales have 
been investigated. The presence of H2Se on exposed fur 
animals would result in relatively high oral doses resulting 
from preening and possibly skin permeation.1–3

H2Se is the most toxic gases with a contact boundary 
of 0.05 ppm over an 8 hour cycle and H2Se at really low 
concentrations is very infuriating smell resembling that of 
leaking gases.1,2 Growth of H2Se resultant from reticence of 
the Se methylation metabolism, the detoxification way of 
selenium, is found resulting frequent oral administration 
of toxic dose of selenocystine.4–6 

Aluminum nitride nanocone sheet (AlN-NCS) have 
been synthesized and it has wide band gap and so it has 
various applications in optics, electronics and photoe-
lectronics.7 The previous studies shown that AlN-NCS and 
AlP-NCS were uniform and Al, P and N atoms on surface 
of AlN-NCS and AlP-NCS have 3-fold coordinate. The 
creation of unsaturated sites on Al, P and N atoms play 
main roles in gas adsorption and so AlN-NCS and AlP-N-
CS can be gas sensors with the highest performance.8–12

The adsorptions of toxic gases with various compou-
nds to identify the suitable sensor are important works to 
solve the environmental problems. In previous studies, wi-
dely in chemical processes the various nanostructures be-
cause of their sensitivity and activity have been used and 
results have been shown that functionalization of na-
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nostructure can improvement the capability of nanostruc-
tures to detect toxic gases.13–17

In previous papers the adsorption of various gases 
such as SO2, H2S, CO2 and CO on surfaces of nanostructu-
res have been investigated.18–34 Zaboli and et al.35 the ad-
sorptions of the H2S, H2Se and SO2 molecules on the surfa-
ce of fullerene by the density functional theory investigated. 
Obtained results shown that, the adsorption energy amou-
nts of gas molecule were short, so, the sensor were possess 
at short recovery times.35 Also results shown that H2Se mo-
lecule with adsorption energy of about –11.28 kJ/mol has 
the strongest adsorption on surface of fullerene.35

In previous study theoretical methods have been 
used to investigation influence of metal oxides on various 
polymers such as polyvinyl alcohol and polyaniline. Re-
sults show that, addition of metal oxides increase the total 
dipole moments of polymers and decrease the band gap 
energies of polymers. Results shown that predictable dipo-
le moment of studied compounds reflects their potential to 
interact with their neighboring molecules and higher di-
pole moment of assumed structures was joint with the 
higher activity for various applications.35–37 

Ibrahim and et al. used theoretical methods to study 
the dipole moment and geometrical structures of COOH. 
Their results show that increase of dipole moments are su-
itable pointer to ability of considered structures. Also they 
used DFT to study composite of divalent zinc and results 
show that obtained dipole moment was 23.4 Debye and 
band gap energy was 0.49 eV. Results shown that decora-
ted CNT can form stable structures with increased mole-
cular dimensions and decorated CNT can be a suitable 
sensor to volatile matter.38–40

In present work, the adsorptions of H2Se molecule 
on surfaces of AlN-NCS and AlP-NCS were examined the-
oretically. The Cl-functionalized effects on ability of AlN
-NCS and AlP-NCS to adsorption of H2Se were calculated 
via theoretical method. The orbital energy amounts of 
considered nanocone sheets were calculated and relation-
ships between orbital energy and Ead amounts of conside-
red nanocone sheets were examined. The initial points of 
this work are: (1) to find the ability of AlN-NCS and AlP
-NCS to H2Se-adsorption; (2) to categorize the influences 
of Cl functionalization of NCS on capability of AlN-NCS 
and AlP-NCS; (3) to discovery the linear relationships 
between adsorption and orbital energy NCS; (5) To propo-
se the novel NCSs with the highest capacity to H2Se-ad-
sorption.

2. Computational Details
The geometry of AlN-NCS, AlP-NCS and their Cl 

functionalized derivatives were optimized via DFT 
method, B3LYP functional and 6-311G (d,p) basis set in 
GAMESS software.41,42 The geometry of complexes of H2Se 
molecule and considered AlN-NCSs and AlP-NCSs were 

optimized (obtained structures of considered complexes 
were reported in figure 1). In order to remove the border 
effects, termination atoms of considered AlN-NCSs and 
AlP-NCSs were sodden via hydrogen atoms. In this work, 
frequency calculations were done in order to confirm the 
structures were true minima.43–46 

In this work, adsorption energy (Ead) and free energy 
(Gad) amounts of H2Se molecule on considered AlN-NCSs 
and AlP-NCSs were obtained via equations 1 and 2, re-
spectively:

Ead = E (nanocone sheet/H2Se) – 
E (nanocone sheet) – E (H2Se) + EBSSE 		   

 (1)

Gad = G (nanocone sheet/H2Se) – 
G (nanocone sheet) – G (H2Se)		    

(2)

where E (nanocone sheet/H2Se) is energy of complexes of 
H2Se and considered nanostructures. The E (H2Se) and E 
(nanocone sheet) are energies of H2Se molecule and consi-
dered nanostructures, respectively. The negative amounts 
of Ead and Gad indicated that H2Se molecule and AlN-NCSs 
and AlP-NCSs have exothermic interactions. In this work 
also the Basis set superposition error (BSSE) amounts of 
interactions of H2Se-nanostructures were calculated.47 

3. Results and Discussion
3. 1. �Ead and Gad Amounts of  

H2Se-nanocone Sheet  

In this section Ead and Gad amounts of H2Se adsorpti-
on on surface of AlN-NCS, AlP-NCS, Cl-AlN-NCS and 
Cl-AlP-NCS in table 1 were presented. In table 1 the Ead 
and Gad amounts of H2Se-NCS and H2Se-Cl-NCS were ne-
gative and so the interactions of H2Se and considered na-
nocone sheets were exothermic reactions. The |Ead| and 
|Gad| amounts of H2Se-AlP-NCS were higher than corre-
sponding values of H2Se-AlN-NCS ca 41.5 and 43.4 kJ/
mol, respectively. 

The |Ead| and |Gad| amounts of H2Se-Cl-AlP-NCS 
were higher than corresponding values of H2Se-Cl-AlN
-NCS ca 18.3 and 18.2 kJ/mol, respectively. Also |Ead| and 
|Gad| amounts of H2Se-Cl-AlP-NCS were higher than cor-
responding values of H2Se-AlP-NCS ca 21.2 kJ/mol and 
20.3 kJ/mol, respectively. 

In table 1 the |Ead| and |Gad| amounts of H2Se-NCS 
and H2Se-Cl-NCS were decreased as follow: AlN-NCS < 
Cl-AlN-NCS < AlP-NCS < Cl-AlP-NCS. Data in table 1 
consummated that Cl-AlP-NCS and AlN-NCS have the 
highest and the lowest performances to H2Se-adsorption, 
respectively. Results in table 1 can be expounded that 
phosphor and chlorine atoms can stable the AlP-NCS, AlP
-Cl-NCS and their H2Se complexes; therefore the |Ead| and 
|Gad| amounts of AlP-NCS AlP-Cl-NCS were higher than 
corresponding values of AlN-NCS. 48
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Figure 1. Complexes of H2Se with AlN-NCS, AlP-NCS, Cl-AlN-NCS and Cl-AlP-NCS.
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3. 2. �Orbital Energies of Considered 
Nanocone Sheets

In this section orbital energy amounts of AlN-NCS, 
AlP-NCS, AlN-NCS, AlP-NCS were calculated and obta-
ined amounts were represented in table 2 and relationships 
of orbital energy amounts in table 2 and Ead amounts in 
table 1 were examined. In table 2, AlN-NCS and Cl-AlP
-NCS have the highest and the lowest amounts of |EHOMO|, 
respectively. 

Therefore in table 2 the Cl-AlP-NCS and AlN-NCS 
have the highest and the lowest inclination to lose an 
electron, respectively. In table 2, the |ELUMO| amounts of 
studied nanostructures were decrease as follow: AlN-NCS 
< Cl-AlN-NCS < AlP-NCS < Cl-AlP-NCS. In table 2, Cl
-AlP-NCS and AlN-NCS have the highest and the lowest 
amounts of |ELUMO|, respectively. Therefore in table 2 the 
Cl-AlP-NCS and AlN-NCS have the highest and the lowest 
capability to receive an electron, respectively. 

In table 2, EHLG amounts of considered nanocone 
sheets were decrease as follow: AlN-NCS > Cl-AlN-NCS > 
AlP-NCS > Cl-AlP-NCS. In table 2, Cl-AlP-NCS and AlN
-NCS have the lowest and the highest amounts of EHLG, re-
spectively. So, in table 2 the Cl-AlP-NCS and AlN-NCS 
have the highest and the lowest reactivity. In table 2, AlP
-NCS has higher |ELUMO| and lower |EHOMO| amounts than 
AlN-NCS. In table 2, Cl-AlN-NCS and Cl-AlP-NCS have 
higher |ELUMO| and lower |ELUMO| amounts than AlN-NCS 
and AlP-NCS. So, Cl functionalization increase the capa-
bility of AlN-NCS and AlP-NCS to H2Se adsorption.  

In this section, relationships between Ead and orbital 
energy amounts of considered nanocone sheets were exa-
mined. The Ead amounts of complexes of H2Se-NCS in ta-
ble 1 were modified against the orbital energy amounts of 
complexes of H2Se-NCS in table 2. The equations 3-5 were 
calculated from these modifications as follow:

Ead = – 1.09 × (EHOMO) – 1032 			    (3)

Ead = 1.43 × (EHOMO) + 152 			    (4)

Ead = 0.63 × (EHLG) – 523 			    (5)

The relationship constants of equations 3-5 were ca 
0.994, 0.997 and 0.994, respectively and so there are linear 
relationship between Ead and orbital energy amounts of 
complexes H2Se-NCS. 

In tables 1 and 2 the Ead and orbital energy amounts 
of H2Se-NCS complexes have similar trends and it can be 
established that ability of considered nanocone sheets to 
H2Se-adsoprtion were decreased as follow: AlN-NCS < Cl
-AlN-NCS < AlP-NCS < Cl-AlP-NCS. Finally, Cl-AlP-N-
CS and AlN-NCS have the highest and the lowest capacity 
to H2Se-adsorption and also Ead and orbital energy mounts 
were main factors to predicate of ability of NCS to H2Se
-adsorption.

4. Conclusion
The potentials of AlN-NCS, AlP-NCS, Cl-AlN-NCS 

and Cl-AlP-NCS to adsorption of H2Se molecule via DFT 
method and B3LYP functional were examined. The intera-
ctions of H2Se with considered nanocone sheets were 
exothermic processes and these interactions were possible 
theoretically. The |Ead| amount of H2Se-AlP-NCS were 
higher than those of H2Se-AlN-NCS. The considered Cl
-AlP-NCS and Cl-AlN-NCS have higher |Ead| amounts 
than AlP-NCS and AlN-NCS, respectively. There were li-
near relationships between of Ead and orbital energy amo-
unts of considered NCSs. The Ead and orbital energy amo-
unts can be considers as main scale to predicate the ability 
of nanocone sheets to H2Se-adsorption.
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Povzetek
Z uporabo teorije gostotnega funkcionala (DFT) smo raziskovali adsorpcijo molekule H2Se na površinah AlN-NCS 
in AlP-NCS nanostožcev. Preučili smo potenciale Cl-funkcionaliziranih AlN-NCS in AlP-NCS za adsorpcijo H2Se in 
ugotovili, da so vsi procesi adsorpcije H2Se na obravnavanih površinah nanostožcev eksotermne reakcije. Izračunana 
energija adsorpcije, |Ead|  tvorbe kompleksa  H2Se z AlP-NCS je bila višja od | Ead| za nastanek kompleksa z  AlN-NCS. 
Rezultati kažejo, da so dobljene vrednosti  |Ead|  linearno odvisne od orbitalnih energij. Proučevane površine nanos-
tožcev bi bile primerne kot substrat z večjo učinkovitostjo adsorpcije H2Se.
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