
 

 https://biointerfaceresearch.com/  11009 

Article 

Volume 11, Issue 3, 2021, 11009 - 11022 

https://doi.org/10.33263/BRIAC113.1100911022 

 

Study of the Electronic Properties of Solid Polymer 

Electrolytes Based on Blends of CMC, PEO, and Acetic 

Acid 

Rania Badry 1, Hanan Elhaes 1, Nadra Nada 1, Medhat Ibrahim 2,*  

1 Physics Department, Faculty of Women for Arts, Science and Education, Ain Shams University, 11757 Cairo, Egypt  
2 Molecular Spectroscopy and Modeling Unit, Spectroscopy Department, National Research Centre, 33 El-Bohouth St., 

12622 Dokki, Giza, Egypt 

* Correspondence: medahmed6@yahoo.com;  

Scopus Author ID 8641587100 

Received: 5.10.2020; Revised: 9.11.2020; Accepted: 11.11.2020; Published: 15.11.2020 

Abstract: The effect of blending on the electronic properties of sodium carboxymethyl cellulose 

(CMC) and polyethylene oxide (PEO) was studied theoretically using density functional theory (DFT). 

The CMC and PEO structures were first optimized individually, then were optimized at different 

blending ratios. All calculations were carried out at the B3LYB/3-21g* level of theory. The changes 

that occurred in the electronic properties of the individual polymers due to blending were presented in 

terms of total dipole moment (TDM), the electronic bandgap energy (HOMO/LUMO band gap), and 

molecular electrostatic potential (MESP). The results indicated that the blended structures were suitable 

for application in electrochemical devices as the TDM increased, HOMO/LUMO bandgap decreased, 

and electro-negativity increased. Also, it was concluded that the blended structures' electronic properties 

were also enhanced by the addition of small concentrations of acetic acid. 
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1. Introduction 

Studying chemical structures with quantum mechanical methods paves the way into 

investigating materials with modified electronic properties—such class of computational 

methods elucidates molecules' molecular behavior in many systems. Accordingly, molecular 

modeling with different levels of theories shows potential applications in many areas [1-3]. It 

is an accurate, safe, and easy processing method used to study biopolymers and humanmade 

polymers [4-7]. Among many molecular modeling applications widely applied in studying 

solid polymer electrolytes (SPEs) [8-10] have steadily increased as they capable of saving time 

and provides accurate measurements. Moreover, molecular modeling helps understand the 

mechanism of interaction between polymeric materials [11-15] and can also determine both 

electrochemical and thermal stabilities for chemical structures [16-18]. Density functional 

theory (DFT) is the most precise computational method among all known AB Initio methods 

used in studying polymers' electronic behavior due to its accuracy. Here, DFT was utilized to 

follow up on the variations of the electronic properties of carboxymethyl cellulose sodium 

(CMC) due to blending with polyethylene oxide (PEO) to be applicable in the field of SPEs as 

a membrane material [19-24]. CMC was one of the most useful cellulose derivatives that 

depend on the substituted hydroxyl groups in its structure [25]. CMC, a natural polysaccharide 
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polymer and exists in abundance on earth, has enormous application fields such as food, oil, 

and cosmetics. Moreover, due to its non-toxicity biocompatibility, carboxymethyl cellulose 

sodium can be used as a transporter for grafting bone [26-29]. 

In contrast, PEO was a highly semi-crystalline synthetic polymer that contains both 

crystalline fractions and amorphous ones in its structure. PEO is a linear polymer and can 

dissolve in different solvents. However, the high crystallinity of PEO limits its conductivity. 

So, PEO needs to be blended with other amorphous materials [30-32] or salts to enhance the 

electronic properties to be used in sensing devices [33-35]. The blending of polymeric materials 

provides improved and modified physical properties than those of the individual polymers [33-

36]. 

Based on the above consideration, the present computational work was conducted. This 

work aimed to develop a new material based on CMC and PEO blends and another one based 

on CMC's blends, PEO treated with acetic acid. The investigated electronic properties 

dedicated the studied blends to be used in energy storage devices.   

2. Materials and Methods 

 All calculations were carried out using density functional theory (DFT) as implemented 

in Gaussian 09 package at Spectroscopy Department, National Research Centre. B3LYB/3-

21g* level of theory was employed to calculate the electronic properties of individual and 

blended polymers. In the study of the electronic properties of blended CMC and PEO, four 

units of CMC (based on ref. 25) and of PEO (that was emeraldine base CMC and emeraldine 

base PEO) were proposed. CMC was interacted with PEO at blending ratios of (CMC/PEO) as 

: 4CMC/0PEO, 3CMC/1PEO, 2CMC/2PEO, 1CMC/3PEO and 0CMC/4PEO. Another group 

of structures based on CMC/PEO/acetic acid was studied at the same level of theory to provide 

more reactive structures. 

3. Results and Discussion 

The blending of polymeric materials provides an enhancement in the electronic 

properties of the individual ones that helped electronic applications. Here the effect of blending 

was discussed in terms of TDM as Debye, HOMO/LUMO energy gap as eV, and ESP. As the 

shape and size of polymers play a significant role in its electronic properties, CMC was blended 

with PEO in different blending ratios: trimer CMC/monomer PEO(3CMC/1PEO), dimer 

CMC/dimer PEO (2CMC/2PEO), and monomer CMC/trimer PEO(1CMC/3PEO). Figure 1 

shows the optimized structure of emeraldine base PEO, 3CMC/1PEO, 2CMC/2PEO, and 

finally, 1CMC/3PEO, respectively. Table 1 presents the calculated values of TDM and 

HOMO/LUMO bandgap. As a result of computations, TDM of emeraldine base CMC, see ref. 

[37], was changed considerably due to blending with PEO and vice versa. Where TDM takes 

values of 40.3945 Debye, 26.8431 Debye, and 14.2747 Debye for blending ratios of CMC/PEO 

as 3/1, 2/2, and 1/3 respectively instead of 2.0247 Debye for emeraldine base PEO and that of 

ref [37] for emeraldine base CMC.  
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Figure 1. The optimized structures for a) emeraldine base PEO, b) 3CMC/1PEO, c) 2CMC/2PEO and d) 

1CMC/3PEO. 
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Figure 2. HOMO/LUMO distribution calculated at B3LYP/3-21g* for a) emeraldine base PEO, b) 

3CMC/1PEO, c) 2CMC/2PEO and d) 1CMC/3PEO. 

Table 1. B3LYP/3-21g* calculated TDM as Debye and HOMO-LUMO bandgap energy as eV for emeraldine 

base PEO, 3CMC/1PEO, 2CMC/2PEO, and 1CMC/3PEO. 

Structure TDM ∆E 

4PEO 2.0247 8.5227 

3CMC-1PEO 40.3945 0.0705 

2CMC-2PEO 26.8431 0.5728 

1CMC-3PEO 14.2747 1.2335 
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It was obvious from the table that the highest TDM obtained was that for 3CMC/1PEO; 

however, for the rest of the studied models, TDM was decreased when PEO concentration was 

equal to or larger than that of CMC in the studied blends. Figure 2, on the other hand, presents 

the distribution of the highest occupied molecular level and that of the lowest unoccupied one 

for emeraldine base PEO, 3CMC/1PEO, 2CMC/2PEO, and finally 1CMC/3PEO, respectively. 

As presented in ref. [37], the HOMO/LUMO molecular orbitals were distributed over 

the left edge of emeraldine base CMC only. This behavior of emeraldine base CMC indicated 

that emeraldine base CMC was only active at its last terminal. On the other hand, for emeraldine 

base, PEO, the highest and lowest molecular orbitals were distributed over both the edge and 

the surface, which means that both were highly reactive and that PEO can interact with its 

surroundings at any position (whether the surface or the edge). This behavior of PEO refers to 

its ability to be used as a sensor. However, figure 2 shows that the HOMO/LUMO distribution 

of CMC and PEO in their emeraldine base shape was affected strongly due to blending. The 

distribution was extended to the second and third CMC units for 3CMC/1PEO and to the first 

CMC unit and either PEO group for both 2CMC/2PEO and 1CMC/3PEO. All these changes in 

the HOMO/LUMO electronic energy gaps were also depicted in table 1.  

As presented in the table, due to blending, emeraldine base CMC's bandgap energy, and 

that of emeraldine base PEO was changed to 0.0705, 0.5728, and 1.2335eV for 3CMC/1PEO, 

2CMC/2PEO, and 1CMC/3PEO, respectively. The TDM and HOMO/LUMO band gap results 

indicated that the blending ratio of 3/1 of CMC/PEO possesses the highest TDM and the lowest 

electronic energy gap. So that, we can conclude that 3CMC/1PEO blend can be used as a 

perfect membrane material in storage devices as it possesses TDM of 40.3945 Debye and 

HOMO/LUMO energy gap of 0.0705eV.  

  

(a) (b) 

  
(c) (d) 

Figure 3. ESP calculated at B3LYP/3-21g* as a contour for a) emeraldine base PEO, b)3CMC/1PEO, c) 

2CMC/2PEO, and d) 1CMC/3PEO. 

To confirm the results of TDM and HOMO/LUMO bandgap energies, MESP was also 

calculated for all the studied structures at B3LYB/3-21 g* level of theory. Figure 3 shows the 

https://doi.org/10.33263/BRIAC113.1100911022
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC113.1100911022  

 https://biointerfaceresearch.com/ 11014 

calculated MESP as a contour for a) emeraldine base PEO, b) 3CMC/1PEO, c) 2CMC/2PEO, 

and d) 1CMC/3PEO, respectively. 

Based on the previous work on MESP, it was stated that a molecule's reactivity could 

be determined by following, in its strength, a color mapping. This mapping of colors refers to 

the distribution of electronic charges within the molecules under study. It starts from red to 

orange, yellow, green, and blue. The red color refers to the high electronegative side and hence 

highly reactive molecules. However, the yellow and blue colors refer to neutral and electro-

positive charges [38-42]. As shown in figure 3, the red color was located only around one edge 

of CMC, which was proven by the HOMO/LUMO results and that the electro-negativity of 

emeraldine base CMC was highly around this side.  

The previous changes occurred in TDM, HOMO/LUMO bandgap energy, and MESP 

values may be due to the strong interaction occurred between CMC and PEO as CMC contains 

two of the most important functional groups: hydroxyl and carboxylic groups (OH and COO-) 

while PEO contains the ether group (-O-). 

 
(a) 

 
(b) 
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(c) 
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(e) 

Figure 4. The optimized structure of: a) 3CMC/1PEO/(O38) acetic acid, b) 3CMC/1PEO/(O39) acetic acid, c) 

3CMC/1PEO/(O40) acetic acid, d) 3CMC/1PEO/(O43) acetic acid and e) 3CMC/1PEO/(O171) acetic acid. 
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(d) 

Figure 5. The optimized structure for: a) 3CMC/1PEO/2 acetic acid, b) 3CMC/1PEO/3 acetic acid, c) 

3CMC/1PEO/4 acetic acid and d) and 3CMC/1PEO/5 acetic acid. 

Table 2. B3LYP/3-21g* calculated TDM as Debye and HOMO-LUMO bandgap energy as eV for 3CMC/1PEO 

interacted with acetic acid at five different positions: O38, O39, O40, O43, and O171. 

Structure TDM ∆E 

3CMC/1PEO/(O38) acetic acid 35.3018 0.1116 

3CMC/1PEO/(O39) acetic acid 35.3659 0.1116 

3CMC/1PEO/(O40) acetic acid 35.3075 0.2027 

3CMC/1PEO/(O43) acetic acid 35.0787 0.1143 

3CMC/1PEO/(O171) acetic acid 35.0623 0.2269 

For SPEs based on CMC/PEO/acetic acid, as CMC/PEO with a blending ratio of 

3/1(i.e., trimer CMC/monomer PEO) requires a small amount of energy to have occurred, then 

acetic acid can be added to the last blending ratio to increase the reactivity and enhance the 

electronic properties more. The effect of acetic acid addition on CMC/PEO's electronic 

properties was studied only in terms of  TDM and HOMO/LUMO bandgap energy. As the 

studied blend contains several OH groups in its structure, acetic acid can interact with 

CMC/PEO blend via the hydroxyl group of oxygen atom number 38, 39, 40, 43, and 171. 

Figure 4 shows the optimized structure for CMC/PEO/acetic acid models at the different 

interaction positions. Also, TDM and HOMO/LUMO band gap energies were calculated at 

B3LYP/3-21 g*. Table 2 presents the calculated TDM of 3CMC/1PEO/ X acetic acid model 

molecules where X refers to the number of the oxygen atom of the hydroxyl groups to which 

acetic acid was attached. Where, TDM equals: 35.3018, 35.2659, 35.3075, 35.7873 and 

35.0623 Debye for 3CMC/1PEO/ O38 acetic acid, 3CMC/1PEO/ O39 acetic acid, 3CMC/1PEO/ 

O40 acetic acid, 3CMC/1PEO/ O43 acetic acid and 3CMC/1PEO/ O171 acetic acid respectively.    

Based on the obtained results, acetic acid addition's position has a negligible effect on 

TDM values. While the HOMO/LUMO band gap energy was affected slightly where it equals 

0.1116, 0.1116, 0.2027, 0.1143, and 0.2269 eV for the reactions processed through the oxygen 

atom number 38, 39, 40, 43, and 171, respectively. As presented in Table 2 that the interaction 

processed through the oxygen atom number 39 possesses the highest TDM and smallest 

bandgap, in comparison with other studied positions, then we can start to increase the 

concentration of acetic acid from this level of calculations. 
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However, it’s worth mentioning that acetic acid addition enhances the electronic 

properties of CMC/PEO blends where the TDM increased to approximately 35.3659 Debye, 

and the bandgap decreased to approximately 0.1116eV in comparison with the values obtained 

in table 1. Additionally, increasing acetic acid content will increase the TDM values and 

decrease the HOMO/LUMO band gap energy values, as presented in table 3. Figure 5 presents 

the optimized models proposed for the model molecules representing 3CMC/1PEO/2 acetic 

acid, 3CMC/1PEO/ 3 acetic acid, 3CMC/1PEO/4 acetic acid, and 3CMC/1PEO/5 acetic acid, 

respectively. 

Table 3. B3LYP/3-21g* calculated TDM as Debye and HOMO-LUMO bandgap energy as eV for 

3CMC/1PEO/2 acetic acid, 3CMC/1PEO/3 acetic acid, 3CMC/1PEO/4 acetic acid, and 3CMC/1PEO/5 acetic 

acid. 

Structure TDM ∆E 

3CMC/1PEO/2acetic acid 42.2412 0.0656 

3CMC/1PEO/3acetic acid 53.2794   0.0159  

3CMC/1PEO/4acetic acid 50.9184   0.0245  

3CMC/1PEO/5acetic acid 45.8152 0.0272 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 6. HOMO/LUMO distribution calculated at B3LYP/3-21g* for a) 3CMC/1PEO/2 acetic acid, b) 

3CMC/1PEO/3 acetic acid, c) 3CMC/1PEO/4 acetic acid and d) and 3CMC/1PEO/5 acetic acid. 

 

For the studied models of 3CMC/1PEO/2 acetic acid, 3CMC/1PEO/3 acetic acid, 

3CMC/1PEO/4 acetic acid, and 3CMC/1PEO/5 acetic acid, TDM increased to 42.2412, 

53.2794, 50.9184, and 45.8152 Debye, respectively. The table observed that TDM increased 

with increasing acetic acid content up to 3 units (i.e., 3CMC/1PEO/ 3 acetic acid), but it 

decreased at higher contents. Meanwhile, the HOMO/LUMO band gap energy has a 

considerable enhancement in its values, as shown in table 3, where it decreased to 0.0656, 

0.0159, 0.0245, and 0.0272eV to increasing acetic acid concentration. The enhancement of the 

TDM values was attributed to the increment of CMC/PEO electro-negativity as the number of 

charge carriers increased with acetic acid. This increase in charge carriers means that the 

mobility and conductivity increased with increasing acetic acid concentration. Also, these 

increase in conductivity and charge carrier’s mobility was confirmed by the observable 

decrease in HOMO/LUMO energy gap values. The changes that occurred in the 

HOMO/LUMO band gap energy were presented in figure 6. Also, it was clear from the figure 
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that the HOMO and the LUMO were distributed around the edge in the case of 

3CMC/1PEO/2acetic acid but, they were distributed at the middle of the structure for higher 

than 2 units of acetic acid that were for 3CMC/1PEO/3acetic acid, 3CMC/1PEO/4acetic acid, 

and 3CMC/1PEO/5acetic acid. 

It was clear from the table that the 3CMC/1PEO SPEs doped with different acetic acid 

concentrations become more electronegative and can be used as a membrane material in energy 

storage devices, where TDM increased and HOMO/LUMO band gap energy decreased. 

4. Conclusions 

 Total dipole moment TDM and HOMO/LUMO bandgap energy shoe direct relation 

with the given molecular structure's reactivity. Accordingly, both are good indicators for the 

electronic properties of the studied polymer blends. A computational study was carried out 

using DFT: B3LYB/3-21g* level of theory to design new membrane materials based on blends 

of CMC/PEO and CMC/PEO treated with acetic acid. It was indicated that treatment with 

acetic acid made the studied blend more electronegative. More precisely, TDM increased to 

40.3945 Debye for CMC/PEO and to 53.2794 Debye for CMC/PEO/ acetic acid while, the 

HOMO/LUMO bandgap decreased to 0.0705eV and 0.0159 eV, respectively. 

 Based on obtained the results, it could be concluded that the model molecules representing 

CMC/PEO and CMC/PEO/acetic acid could be successfully applied in the field of 

electrochemical devices as they have major feature including simplicity of structures, accurate 

computations, time-saving, high sensitivity and high reactivity.  
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