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Abstract: In this study, we are used the (3,2) and (4,2) MoS2NTs to deliver OX anticancer drug with 
and without various impurities and sites in different distance between them. The DFT method is used to 
compute different electronic properties of the complex structures. We found out that the pristine (3,2) 

and (4,2) MoS2NTs have semiconductor behavior and the transition of electrons is located at Γ and Z 
points for (3,2) and (4,2) MoS2NTs, respectively. The complex structure (OX/(3,2)MoS2NTs) has a 

semimetal behavior with direct transition of electrons at Γ  point. There are very interesting results by 
changing the S atom by P or Ga impurities. So, the (OX/p-doped (3,2) MoS2NTs) structure has a n-type 
semiconductor behavior when the distance between OX anticancer drug and p-doped (3,2)MoS2NTs  is 
1.76 Å compared with other distances. By utilizing Ga impurity, the best results are detected at 1.42 Å 
and the behavior is became p-type behavior and more stable compared to others. For 
(OX/(4,2)MoS2NTs) has metal behavior. By using P impurity at different distance , the behavior is 
changed from metal to semi-metal with direct transition at Z point.  The behavior of this complex 

structure is became n-type semiconductor  at 1.76 Å. For (OX/Ga-doped (4,2)MoS2NTs) at different 

distance has a metal behavior , except the 1.82 Å has a n-type semiconductor behavior . The stability  of 
this complex structure became more stable with Ga impurity  and the Fermi level is shifted down 
compared others cases. The stability of all complex structures  with Ga impurity is more stable 
compared with P impurity. In brief, the best substrate of the (3,2) and (4,2) MoS2NTs can be utilized to 
career OX anticancer drug when we used Ga impurity compared with P impurity. 
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1. Introduction  

The word "cancer" refers to a group of chronic illnesses that vary widely in kind and location, but it 
is  shared by  the feature of aberrant cells proliferating uncontrollably. Anticancer drugs also known as 
antineoplastic drugs are used to treat cancer. There are numerous categories of anticancer medications, 
such as hormones, alkylating agents, antimetabolites, and natural substances. Platinum drugs continue 
to be the most effective agents used in cancer treatment among the many alkylating agents [1]. A 
common chemotherapy medication used to treat colorectal cancer is oxaliplatin, which is based on 
platinum. It is a member of the alkylating agent family of platinum compounds, which binds covalently 
to DNA molecules in cancer cells to produce their lethal effects. The transcription and replication of 
DNA are hampered by this binding, which eventually results in cell death. Due to its proven 
effectiveness in both adjuvant and metastatic settings, oxaliplatin is a crucial part of many cancer 
treatment plans [2]. The distinct electronic and structural characteristics of molybdenum disulfide 
nanotubes (MoS2NTs)  have attracted a lot of interest in the field of drug delivery. Enhancing the 
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effectiveness and targeted release of this popular chemotherapeutic agent is a promising application of 
MoS2 nanotubes for the delivery of oxaliplatin as an anticancer drug. MoS2NTs are made up of 
individual molybdenum atom layers nested between two layers of sulfur atoms, creating a hollow core 
and tubular shape. Their remarkable electronic characteristics, such as a high surface area-to-volume 
ratio and superior electrical conductivity, result from their special composition. Because of these 
characteristics, MoS2NTs are a great choice for drug delivery systems because they effectively 
encapsulate therapeutic agents and enable their controlled release [3]. There different studied about 
using nanotubes to deliver this anticancer drugs. The surface of MoS2NTs contains from sulfur atoms 
that act as binding sites for the platinum ions in oxaliplatin anticancer drug. Strong drug adsorption 
and retention within the nanotube structure are facilitated by this interaction, which delays the drug's 
premature release during circulation in biological systems. Moreover, it is possible to alter the surface's 
functional groups to improve targeted specificity against tumor cells. It is imperative to evaluate the 
biocompatibility of MoS2 nanotubes in order to determine their suitability as drug carriers against 
cancer. These nanomaterial’s effectively inhibit the growth of cancer cells while exhibiting low 
cytotoxicity towards normal cells, according to in vitro studies. Drug release studies have also shown 
sustained drug release over an extended period of time with controlled release profiles. These results 
demonstrate the potential of MoS2 nanotubes as effective and secure drug delivery vehicles [4].  Zinc 
oxide nanosheet is utilized to deliver (5-FU, 6-MP, GB, and CP) anticancer drugs. So, they found out 
that all these complex structures have semiconductor behavior, except,  6-MP/ZnONS has n-type 
semiconductor behavior. Also, these complex structures have chemisorption, but the 5-FU/ZnONS has 
physisorption. In additionally, these complex structure are more stable and lower reactive compared 
with pristine ZnONS [5].  Rezvani et al. utilized the single wall carbon nanotubes (SWCNTs) to 
deliver oxaliplatin anticancer drug by using van der Waals density functional theory (vdW-DF). They 
detected that the vdW-DF mostly donate to the binding of selected oxaliplatin anticancer drug and 
SWCNTs.  They noticed that there is not important hybridization among the individual orbital takes 
place. But there is a small interaction got according to the binding energy [6]. The bilayer of the MoS2, 

WS2, MoSe2, and WSe2 nanosheet are utilized to carrier β-lapachone (β-lap) by using DFT method. 
They found out that these complex structures have become more stable and lower reactive. Also, they 
detected that there is a higher interaction between the substrate and anticancer drug. There is greater  
capability to transfer electrons [7]. In this study, we will utilize the MoS2NTs as a carrier to  the 
oxaliplatin anticancer drug by DFT method due to this tube has a large surface area, adjustable 
porosity, biocompatibility, exceptional mechanical strength, and chemical [8]. So, we will compute 
different electronic properties, such as electronic band structure, total energy , and etc with and without 
(P or Ga impurities) in various locations.   
 

2. Computational Detail 
To study how the Oxaliplatin molecule interacts with P/MoSNTs as a drug delivery 

device, the calculations-based density functional theory with Beck’s three-parameter hybrid 
method utilizing correlation functional of Lee, Yang, Parr (B3LYP) level has been achieved. 
All geometry fulloptimization has been applied with a hybrid density functional B3LYP/3-
21G* basis set [9]. The results were obtained by utilizing the Gaussian 09W and Gauss View 
6.0.16 molecular visualization software package. After that, we looked at the molecules' 

electronic properties, including their electronic band gap (𝐸𝑔𝑎𝑝), total energy (𝐸𝑇), and Fermi 

energy level  (𝐸𝐹𝑙).  The highest-occupied molecular orbital (𝐸𝐻𝑂𝑀𝑂) and lowest-unoccupied 

molecular orbital (𝐸𝐿𝑈𝑀𝑂) energies were also examined. The following relationships were used 
to compute the electronic band gap and Fermi level energy[10-16] : 
 

𝐸𝑔𝑎𝑝 = 𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂                                                                      (1) 

𝐸𝐹𝑙 = (𝐸𝐻𝑂𝑀𝑂 − 𝐸𝐿𝑈𝑀𝑂 ) /2                                                                (2) 
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According to the DFT method and Koopmans’ theorem, we studied the reactivity of these 
anticancer drugs on the substrate (MoS2NTs) via computing the next parameters [17-19]: 

𝐼𝑃   =  -𝐸𝐻𝑂𝑀𝑂                                         (3) 

𝐸𝐴  =  - 𝐸𝐿𝑈𝑀𝑂                                        (4) 

H   =  (𝐼𝑃 − 𝐸𝐴) 2⁄                                  (5) 

S   =  
1

2𝐻
                                                   (6) 

µ  =  (𝐼𝑃 +  𝐸𝐴) 2⁄                                     (7) 

Where  𝐼𝑃, 𝐸𝐴    , H, S, μ, are indicated the ionization potential ,electron affinity, chemical hardness, 
chemical softness, chemical potential, , consecutively. After that, we investigated that how can utilize the 
MoSNTs structure to carry these anticancer drugs by putting this anticancer drug upon the slab of the 
MoS2NTs [20] 
 

3. Results and Discussions 
3.1. The Electronic Properties of the (OX/ Pristine and N-Doped (3,2) MoS2NTs).  

First of all, we optimized the pristine (3,2) and (4,2) MoS2NTs by utilizing the DFT method. We 
found out that these tubes have semiconductor behavior with direct transition of electrons from valence 

to conduction bands at Γ point, as displayed in Figure 1. Also, the bond length between Mo and S atoms 

is 2.41 Å. All these results are in agreement with previous references [7, 21-24].  The electronic band 
structure of the pristine (3,2) and (4,2) MoS2NTs is displayed in Figure 2. We discovered that the (3,2) 
MoS2NTs nanotubes has a semiconductor behavior with electronic band gap is 0.128 eV, which is very 
comfortable with previous study [25]. So, there is direct transition of electrons from valence to 

conduction bands at Γ point (pointed out in Fig.2). However, the (4,2) MoS2NTs has a semimetal 
behavior due to it has 0.072 eV electronic band gap with direct transition of electrons at Z point, as 
represented in Figure 2. 
 

 
Figure 1.  
Optimization structure of the pristine (3,2) MoS2NTs ((a) Top view and (b) Side view) and (4,2) MoS2NTs ((c) Top view and (d) 
Side view)). 

 
After that we computed the electronic properties of the complex structure (OX/pristine (3,2) 

MoS2NTs). By optimization this complex structure, the distance between the OX anticancer drug and 

pristine (3,2) MoS2NTs became 1.80 Å (see Fig. 3(a)). In additionally, we detected that the behavior is 
changed from semiconductor to semimetal behavior. So, the electronic band gap is reduced from 0.128 

eV to 0.0084 eV with direct transition of electrons from valence to conduction bands at Γ point, as 
displayed in Fig. 3 (b) and summarized in Table 1. So, we discovered very interesting result when we 
replaced S atom by P atom (see Fig. 4(a and b), which is connected with OX anticancer drug. So, the 
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behavior is became semiconductor with direct electron transition at z point, as pointed out in Figure 4 
(c). The electronic band gap is increased compared with previous case. This complex structure became 
more stable and lower reactive due to the total energy is increased compared with previous case, as 
displayed in Table 1. By increasing the distance between the OX anticancer drug and p-doped 
MoS2NTs, the electronic band gap and total energy are increased compared with OX/pristine (3,2) 
MoS2NTs, as shown in Fig. 5 and summarized in Table 1. The Fermi level is shifted down, as displayed 
in Table 1. Also, there are exact fascinating result when we changed the P atom by Ga atom (see Fig.6). 
So, the behavior is changed from n-type to p-type semiconductor, as revealed in Fig. 7. The electronic 
band gap and total energy of the OX/Ga-doped MoS2NTs are increased, excepted the Fermi level 
energy is shifted up compared with previous cases, as represented in Table 1.  
 

 
Figure 2. 
The electronic band structure of the pristine (3,2)MoS2NTs (a) and (4,2)MoS2NTs (b).    
      

 
Figure 3. 
The complex structure (OX/pristine (3,2) MoS2NTs; the top and side views (a and b) and the electronic band structure of this 
complex structure (c).  
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Figure 4. 

The complex structure (OX/P-doped (3,2) MoS2NTs; the top and side views (a and b) at 1.50 Å and the electronic band 
structure of this complex structure (c).  

 
Figure 5. 
The complex structure (OX/P-doped (3,2)MoS2NTs; the top and side views (a and b) and electronic band structure (e) at 1.66 

Å and (Top and side views (c and d) and electronic band structure (f)  at 1.76 Å ) , respectively. 
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Figure 6. 
The complex structure (OX/Ga-doped (3,2) MoS2NTs) in the different distance between tube and OX anticancer drug.   
  

 
Figure 7. 
The electronic band structure of the complex structure (OX/P-doped (3,2)MoS2NTs in the different distance between the 

anticancer drug and this tube , (a) at  (1.42 Å) (a), (b) at 1.74 Å, and (c) at 1.92 Å. 
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3.2. The Electronic Properties of the (OX/ Pristine and n-Doped (4,2) MoS2NTs).  
After these results, we are utilized the (4,2) MoS2NTs.  By changing the S atom by P atom(see 

Fig.8(a and b)), we found out there is not electronic band gap and the behavior is changed from 
semiconductor to metal when we utilized the distance between OX anticancer drug and Ga-doped 

MoS2NTs is 1.80 Å, as represented in Fig. 8 (c). But, when this distance is became (1.50, 1.66, and 1.76) 

Å, as displayed in Fig. 9 (a and b) the electronic band gap is (0.060, 0.052, and 0.047) eV, 
correspondingly.  Also, the behavior of this complex structure is n-type with these distance, as displayed 
in Fig. 9 (c and d). In these distance, the total energy is increased and the Fermi level is shifted down 
comparing with OX/pristine (4,2) MoS2NTs, as shown in Table 1.  

 

 
Figure 8.  

The complex structure (OX/ (4,2)MoS2NTs) ; the top and side views (a and b) at 1.80 Å and the electronic band structure of 
this complex structure (c).  

 
Figure 10 shows the S atom is replaced by Ga atom in various distances. The results shown that the 

behavior is changed from n-type to metal when we changed the distance between the OX anticancer 
drug and Ga-doped (4,2)MoS2NTs compared with previous cases, as shown in Fig. 11 (a and b), 
excepted the 1.82 Å has a n-type semiconductor, as shown in Fig. 11 (c). Fermi level is shifted down and 
the stability increased due to the total energy increased compared with previous cases, as summarized in 
Table 1.   
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Figure 9. 
The electronic band structure of the complex structure (OX/P-doped (4,2) MoS2NTs in the different distance between the 

anticancer drug and this tube , (a) at  (1.50 Å) (a), (b) at 1.66 Å, and (c) at 1.76 Å.  

 

 
Figure 10. 
The complex structure (OX/ (4,2)MoS2NTs) in the different distance between tube and OX anticancer drug; the top and side 

views (a and b) at 1.42 Å, the top and side views (c and d) at 1.74 Å, and the top and side views (e and f) at 1.82 Å. 
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Figure 11.  
The electronic band structure of the complex structure (OX/Ga-doped (4,2)MoS2NTs in the different distance between 

the anticancer drug and this tube , (a) at  (1.42 Å) (a), (b) at 1.74 Å, and (c) at 1.82 Å.  
 

Table 1. 

Some electronic properties of the pristine and complex structures; d, 𝐸𝑔𝑎𝑝  , 𝐸𝑇 , 𝐸𝑓  and are denoted the distance 

between tube and OX anticancer drug, electronic band gap, total energy, and Fermi level energy, respectively. 

𝑬𝒇(eV) 𝑬𝑻(eV) 𝑬𝒈𝒂𝒑(eV) d (Å) System 

-3.195 -3084.739 0.128 - (3,2) MoS2NTs 
-3.154 -1832.377 0.048 1.80 OX/Pristine (3,2) MoS2NTs 
-3.158 -1886.179 0.083 1.50 OX/P-doped (3,2)  MoS2NTs 
-3.160 -1870.032 0.079 1.66 OX/P-doped (3,2)  MoS2NTs 
-3.164 -1857.697 0.054 1.76 OX/P-doped (3,2)  MoS2NTs 
-3.167 -2017.826 0.064 1.42 OX/Ga-doped (3,2) MoS2NTs 
-3.158 -2023.859 0.071 1.74 OX/Ga-doped (3,2) MoS2NTs 
-3.156 -1833.614 0.081 1.92 OX/Ga-doped (3,2) MoS2NTs 
-3.287 -22729.037 0.072 - (4,2) MoS2NTs 
-3.151 -628.713 0.049 1.80 OX/Pristine (4,2) MoS2NTs 
-3.174 -653.005 0.060 1.50 OX/P-doped (4,2) MoS2NTs 
-3.168 -654.860 0.052 1.66 OX/P-doped (4,2) MoS2NTs 
-3.166 -654.735 0.047 1.76 OX/P-doped (4,2) MoS2NTs 
-3.209 -872.458 0.044 1.42 OX/Ga-doped (4,2) MoS2NTs 
-3.221 -835.397 0.028 1.74 OX/Ga-doped (4,2) MoS2NTs 
-3.199 -837.694 0.041 1.82 OX/Ga-doped (4,2) MoS2NTs 

 
3.3. The Global Reactivity of The Complex Structures 

Depending on the Koopmans' theorem, we found out there is very small value of the µ of the pristine 
(3,2) MoS2NTs, which led to make a lower chemical reactivity. For all complex structures ( OX/(p or 
Ga)-doped (3,2) MoS2NTs), the µ value is increased comparison  with OX/pristine MoS2NTs, but it is 
still has a lower reactivity due to there is smaller value of the µ, as represented in Table 2. Also, the 
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results shown that the pristine (3,2) and (4,2) MoS2NTs have a smaller value of the 𝐼𝑃, which led to a 
higher ability  to donate the electrons and became cation comparison with complex structures, as 

displayed in Table 2. The (OX/p-doped (3,2)MoS2NTs) at 1.66 Å (a distance between OX anticancer 

drug and (3,2) MoS2NTs) has a higher value of the 𝐼𝑃 , which refers to higher ability to acceptance an 
electrons and became anion, as demonstrated in Table 2.  The pristine (3,2) and (4,2) MoS2NTs have a 

higher value of the 𝐻 comparison with all complex structures, which is referred to lower ability to 
transfer an electron. Then, they required a higher exaction energy to transfer electrons, as mentioned in 
Table 2. There is a higher value of the S in the OX/pristine (3,2) MoS2NTs compared with others 
structures, which is led to make the distance between the valence and conduction very small. So, this 
result is very comfortable with result is shown in Fig.3 (c) . However, it is increased by suing various 
impurities and distance between the tube and OX anticancer drug, as displayed in Table 2.  Our finding 
shown that there is a great interaction between the OX anticancer drug and pristine or P or Ga-doped 

MoS2NTs because of the ω has a higher value in the complex structure comparison with pristine 
MoS2NTs, as shown in Table 2.   
 

Table 2. 

The global chemical indexes of the pristine and complex structures; 𝐼𝑃, 𝐸𝐴, 𝐻, 𝑆, µ, and ω are denoted the ionization 
potential, electron affinity, chemical hardness, chemical softness, electrophilicity index, and electronegativity (All 
these properties in the eV unit). 

µ 𝑺 𝑯 𝑬𝑨 𝑰𝑷 d (Å) System (Drug with tube) 

0.004 8.065 0.062 -0.058 0.066 - (3,2) MoS2NTs 
-0.006 21.740 0.023 -0.028 0.017 1.80 OX/Pristine (3,2) MoS2NTs 
0.015 12.195 0.041 -0.026 0.056 1.50 OX/P-doped (3,2)  MoS2NTs 
0.025 13.158 0.038 -0.013 0.062 1.66 OX/P-doped (3,2)  MoS2NTs 
0.025 19.231 0.026 -0.001 0.050 1.76 OX/P-doped (3,2)  MoS2NTs 
-0.023 16.129 0.031 -0.054 0.008 1.42 OX/Ga-doped (3,2) MoS2NTs 
0.017 13.882 0.036 -0.053 0.019 1.74 OX/Ga-doped (3,2) MoS2NTs 
0.021 12.500 0.040 -0.061 0.019 1.92 OX/Ga-doped (3,2) MoS2NTs 
-0.019 7.937 0.063 -0.055 0.071 - (4,2) MoS2NTs 
0.033 20.00 0.025 0.008 0.058 1.80 OX/Pristine (4,2) MoS2NTs  
0.021 15.625 0.032 -0.011 0.052 1.50 OX/P-doped (4,2) MoS2NTs 
0.017 19.231 0.026 -0.009 0.043 1.66 OX/P-doped (4,2) MoS2NTs 
0.017 21.739 0.023 -0.006 0.040 1.76 OX/P-doped (4,2) MoS2NTs 
-0.024 -22.727 -0.022 -0.002 -0.046 1.42 OX/Ga-doped (4,2) MoS2NTs 
-0.019 -34.483 -0.015 -0.006 -0.032 1.74 OX/Ga-doped (4,2) MoS2NTs 
0.018 23.819 0.021 -0.003 0.038 1.82 OX/Ga-doped (4,2) MoS2NTs 

 

4. Conclusion 
In this study, the (3,2) and (4,2) MoS2NTs are utilized to carry OX anticancer drug with and 

without various impurities and sites in different distance between them. Different electronic properties 
of these complex structures are computed by using DFT method. Results shown that the pristine (3,2) 

and (4,2) MoS2NTs have semiconductor behavior with direct transition of electrons at Γ and Z points 
for (3,2) and (4,2) MoS2NTs, individually. So, the (OX/(3,2)MoS2NTs) structure has a semimetal 

behavior with direct transition of electrons at Γ point. By replacing S atom with P or Ga impurities in 
different distances and locations. There are very exciting results. The (OX/p-doped (3,2) MoS2NTs) 
structure has a n-type semiconductor behavior when the distance between OX anticancer drug and p-
doped (3,2)MoS2NTs  is 1.76 Å compared with other distances. For Ga impurity, the greatest results are 
discovered at 1.42 Å and the behavior is became p-type behavior and more stable compared to others. 
For (OX/(4,2)MoS2NTs) has metal behavior. For P impurity, which is used in different distance, the 
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behavior is changed from metal to semi-metal with direct transition at Z point.  The behavior of this 

complex structure is became n-type semiconductor  at 1.76 Å. For (OX/Ga-doped (4,2)MoS2NTs) at 

different distance has a metal behavior , except the 1.82 Å has a n-type semiconductor behavior . The 
stability  of this complex structure became more stable with Ga impurity  and the Fermi level is shifted 
down compared others cases. The stability of all complex structures  with Ga impurity is more stable 
compared with P impurity. Then, the greatest substrate of the (3,2) and (4,2) MoS2NTs can be employed 
to career the OX anticancer drug when we utilized Ga impurity compared with P impurity.  
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