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ABSTRACT: This multidisciplinary study deals with not only the synthesis of the novel ((ethane-1,2-

diylbis(azanediyl))bis(carbonyl))bis(4,1-phenylene) diacrylate (ABCEDA) molecule but also the experimental 

and theoretical (with DFT and HF methods) characterization of the title compound for the first time. The 

experimental results obtained from FT-IR and 1H-NMR verified that the title novel molecule was synthesized 

without any impurities and the reaction yield was about 68 wt%. DSC melting temperature and crystallization 

temperature belonging to the studied molecule were found to be 335 °C and 226 °C, respectively. As for 

molecular geometric properties, there was little deviation on the calculated bond angles and bond lengths of the 

compound. Both bond angles and bond lengths computed from DFT method were slightly greater than the 

results obtained from the HF method due to the fact that the electron correlation coefficients were taken into 

account in DFT method. The optical band gap energy of the compound was computed to be about 0.3904 a.u. 

(10.6233 eV), conforming that the molecule had low electronic donor ability. Moreover, MEP analysis showed 

that the molecule possessed the possible sites for the electrophilic and nucleophilic attacks. Furthermore, the 

negative ESP spread over mostly on the oxygen atom whereas the positive ESP was located on the rest of the 

molecule.  

 

Keywords:((ethane-1,2-diylbis(azanediyl))bis(carbonyl))bis(4,1-phenylene) diacrylate, DFT/HF methods, 

molecular geometry, HOMO-LUMO, MEP-ESP maps. 

 

1. Introduction 

The term of cross-linking agent describes as a material including two or more reactive and 

specific functional ends having capable of reacting with another polymer molecules. That is, 

two polymer chains join together by means of a branch referred to as a crosslink. The most 

widely used cross-linkers in the literature are divinylbenzene (Yin et al., 2015),ethyleneglycol 

dimethacrylate (Philip and Mathew, 2008), N,N' methylene bisacrylamide (Zhao et al, 2008), 

1,4-phenylene diacrylamide (Cormack and Elorza, 2004), tetramethylene dimethacrylate 

(Stankova et al, 2013). Synthetic cross-linker having various functional groups and different 

chain lengths were also synthesized (Gomez and Strumia, 2001; Zhan et al, 2018). It is well-

known that the cross-linking agents are extremely essential for the development in the 

material engineering and commercial standpoint (Elder et al, 2011; Gao et al, 2012; Martinez 

et al, 2015). Especially, the polymeric materials having desired characteristics are produced 

with the use of cross-linking agents bearing polyfunctional groups in their structure. That is, 

they impart the excellent stability toward physical stress and elevated temperatures to the 

polymeric materials (Abdelkader and White, 2005; Zhang et al, 2015). Moreover, the cross-

linked polymers gain the dimensionally stability under a wide variety of conditions due to the 
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forming rigid network structure (Montazer and Jolaei, 2010). Such polymers are described as 

the thermosetting polymers having non-flowing behavior with irreversibly hardened feature 

due to the cross-linked network. The structural integrity and chemical resistance are high in 

the thermosetting polymer and they also have the improving mechanical properties due to 

showing the resistance to deformation (Pittman et al, 2000). In addition to that, the cross-

linkers are commonly used for the preparation of polymer gels which are swollen in the 

solvent without dissolving (Luo et al, 2011). Polymer gel with unique physiochemical 

properties have attracted much attention in polymer science (Osada et al, 2004). By cross-

linking, the polymer gels possessed swellable network structures, which having ability to give 

response to change in electric field (Pascal et al, 2019), solvent composition (Lenhart and 

Cole, 2006), acidity (Iwakura et al., 2001) and temperature  (Maryanski et al, 1997). 

Furthermore, the bead polymers could be produced by using cross-linkers under the proper 

synthesis condition. The crosslinker  characteristics during the preparation of cross-linked 

microspheres affect the mechanical strength, insolubility, stiffness, rigidity, shape and 

particle size of the microspheres (Margel et al, 1991; Park et al, 2003.) Shortly, it is clear that 

the cross-linkers have had a important role in the modern polymer science.  

On the other hand, there existed lots of  theoretical studies focusing on the determination of 

electrical, structural and dynamic phenomenon of both a molecule and cross-linked polymers 

to obtain effective and reliable results in the short time (Benhamou and Chahid, 2008; 

Benmouna et al, 2001; Karaboga et al., 2013; Sert et al., 2019; Smolin et al, 2017). In other 

words, some crucial features and experiment phenomena of the compounds can be elucidated 

effectively by means of the proper quantum theoretical methods (Sun et al, 2010). Density 

functional theory (DFT) and ab initio Hartree Fock (HF) have large popularity in the present 

theoretical world. They provide us with effective theoretical approach procedures in order to 

examine the structural, physical, optical and electrical properties of the novel synthesized 

molecules. Of these theoretical methods, some researchers exhibited that DFT methods gives 

better results than those of the HF ones (Cirak and Koc, 2012; Gokce and Bahceli, 2011; 

Ucun et al, 2008). The electronic energy is treated as a function of electron density of all 

electrons in the former theoretical methods and electron correlation effects are not taken 

consideration at HF method. Conversely, DFT method recovers the electron correlation along 

with the density function of electrons, which make it more reliable and effective when 

compared to other theoretical methods (Cirak and Koc, 2012; Durig et al, 2011). 

In the current paper, we studied not only the synthesis of the novel title molecule from cross-

linking agent family and the identification by theoretical and experimental investigations. 

Fourier transformation-infrared (FTIR) spectra, differential scanning colorimeter (DSC) 

thermogram and nuclear magnetic resonance (NMR) chemical shift measurements were 

conducted for the experimental examinations. The optimized molecular structure, bond 

lengths and bond angles were determined by means of both density functional theory 

(B3LYP) and Hartree Fock (HF) with the standard 6-31G(d,p) calculation level. The 

electronic properties (HOMO, LUMO, electronegativity, chemical hardness, softness, 

electrophilic index, electrostatic potential) are also investigated in details with density 

functional theory (B3LYP) with the standard 6-31G(d,p) calculation level. All the obtained 

results were discussed meticulously. 

2. Material and Methods 

2.1. Materials 

For the synthesis of the novel crosslinking agent (ABCEDA), the  main  chemicals,  acryloyl 

chloride (AC),  p-hydroxybenzoic acid (HBA), thionyl chloride (Merck  A.G.), 

ethylenediamine (EDA) were purchased form Merck A.G. and they were used as received 
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form the campany. All the other solvents and chemical being analytical grade were used 

without any purification processes. 

2.2. Instruments 

FT-IR analysis of the synthesized novel cross-linking agent, ABCEDA were conducted by a 

Shimadzu 8400 S FTIR spectrophotometer in the region 400-4000 cm-1. KBr pellets 

containing roughly 3 mg of sample in 100 mg spectroscopic grade KBr were prepared for 

obtaining FTIR spectra. JEOL-ECS 400 1H-NMR spectra of the ABCEDA was performed 

with a frequency of 400 MHz in deuterated chloroform (CDCl3) with the use of  

tetramethylsilane (TMS) as an internal reference in parts per million (ppm) scales. The 

thermal analysis of the obtained products was conducted by Shimadzu TA-60 WS 

Differential Scanning Calorimeter under nitrogen atmosphere with a heating rate of 10°C/min 

and the amount of sample changed between 5-15 mg.  

2.3. Synthesis of ABCEDA 

The novel diacrylate compound, ABCEDA was prepared by condensation reaction between 

ethylenediamine and p-acryloyloxybenzoyl chloride (ABC). The synthesis of ABC and p-

acryloyloxybenzoic acid (ABA) were announced in our previous study in detail (Soykan et 

al., 2013). 9.5 mmol of ABC prepared was dissolved in 100 mL of acetone in a flask equipped 

with a magnetic stirrer. 100 mL of acetone solution containing 4.75 mmol of 

ethylenediamine, 9.50 mmol of triethylamine and catalytic amount of pyridine was added 

dropwise to ABC solution at room temperature for 24 hours. After the reaction complete, 

white triethylamine hydrochloride salt formed during the reaction was extracted from the 

product by successive washings with water (3-4 times). The remaining water in solution was 

removed by using drying agent (Na2SO4) and then filtered off. Finally, the solvent was 

evaporated, and the product was dried in vacuum at room temperature. The reaction yield 

was found to be about 68 wt% and the simplified reaction steps were displayed in Figure 1. 

The characterization of the novel cross-linking agent, ABCEDA was done by means of FTIR, 

DSC and 1H-NMR techniques. 

 
Fig. 1. The simplified demonstration of the reaction steps for the synthesis of ABCEDA 
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2.4. Computational details 

Optimized molecular structure, bond lengths and  bond angles of the new title compound 

were determined for the first time by using Gaussian 09 package program with the molecular 

visualization program by means of both B3LYP (Stephens et al, 1994) and Hartree Fock (HF) 

(Ceylan et al, 2016) methods at  6-31G(d,p) calculation level. The results obtained from both 

methods were discussed in detail. Furthermore, the determination of  electronic properties of 

the title compound was only carried out at B3LYP with the standard 6-31G(d,p) (Akyildiz et 

al, 2018; Arioglu et al, 2018) calculation level since electron correlation were taken into 

account in the calculations. 

3. Results and Discussion 

3.1. Characterization of ABCEDA 

The FTIR spectrum of ABCEDA bearing double amide, ester, phenyl and acrylic groups in 

their structure was depicted in Figure 2. The moderate absorption peaks observed at 3325 cm-

1 is due to N-H stretching vibrations of amide groups. The IR bands designated at about 3070 

cm-1 and at about 2939 cm-1 are assigned to aromatic stretching vibrations of C-H bond in the 

phenyl groups and the stretching vibrations of CH2 bonds, respectively.  The strong band at 

1735 cm-1  is attributed to the  C=O stretching vibrations of the ester groups and the bands 

detected at 1631 cm-1 is due to the stretching vibrations of C=C bonds in the vinylic groups. 

The strong bands detected at 1539 cm-1 is corresponding to C=O stretching vibrations of the 

amide groups. The absorption band assigned to aromatic stretching vibrations of C=C bonds 

is found to be in the range of 1500-1604 cm-1. The strong bands observed at 1203 cm-1 and 

1172 cm-1 are due to C-O and C-N bonds in the structure, respectively. The moderate bands 

appearing between 806 and 1018 cm-1 represent the vinylic C-H out-of-plane bending 

vibrations. 

 

 
Fig. 2. FTIR spectrum of the ABCEDA 

 

1H-NMR spectra belonging to the ABCEDA crosslinking agent is displayed in Figure 3. It is 

visible from the figure that three doublets at about δ 6.0, 6.3 and 6,6 are corresponding to Hb, 

Ha and trans coupling of Hc protons of vinylic groups, respectively. Hd and He protons which 
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correspond single O-coupling of the -C6H4 groups in the structure gives two multiplet peaks 

at δ 7.2 and 7.8, respectively. In addition, the broad singlet at δ 7.0 is attributed to Hg protons 

of N-H groups. The one triplet at δ 3.7 is clearly corresponding to Hf protons of -CH2 groups 

in molecule. 

 

 
Fig. 3. The 1H-NMR spectrum of ABCEDA 

 

DSC spectrum of ABCEDA compound was illustrated in Figure 4. The results obtained from 

DSC measurement, the melting point of ABCEDA was found be about 335°C under N2 

atmosphere with heating rate of 10°C /min. Additionally, the exotherm detected at about  

246°C may be attributed to transition temperature from amorphous to crystalline form, which 

is known as the crystallization temperature (Tc).  

 
Fig. 4. DSC thermogram of ABCEDA 
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3.2. Theoretical characterization of ABCEDA 

The optimized molecular structure, bond angle and bond lengths, HOMO, LUMO, 

electronegativity, chemical hardness, softness, electrophilic index, electrostatic potential 

were analyzed meticulously to identify the title compound, ((ethane-1,2-

diylbis(azanediyl))bis (carbonyl))bis(4,1-phenylene) diacrylate. 

3.2.1. Molecular geometry 

The optimized spatial molecular structure of ABCEDA molecule at minimum energy level 

were determined theoretically by calculating and the structure having certain numbers for 

atoms was depicted in Figure 5. The gray, white, red and blue balls in figure symbolized the 

carbon, hydrogen, oxygen and nitrogen atoms, respectively. 

 

 
Fig. 5. The optimized molecular structure of ABCEDA molecule 

 

The selected geometric characteristics (bond lengths and bond angles) of the title compound, 

which determining both DFT and HF basis set methods, were depicted in Table 1 and 2, 

respectively. It was visible from the table that the findings obtained from the DFT and HF 

methods at 6–31G(d,p) calculation level showed good agreement with each other. However, 

it was seen to be that the bond angles calculated from DFT method were slightly greater than 

the results obtained from the HF method. This was caused from taking into account the 

electron correlation coefficients in DFT calculation method. Thus, DFT method gives more 

accurate results comparing to HF method. Moreover, the small deviations were detected due 

to the different distribution of the charge on the atomic bonds in the symmetries of the 

benzene ring (regular hexagon) existing in "((ethane-1,2-diylbis (azanediyl))bis 

(carbonyl))bis (4,1phenylene) diacrylate" molecule. In accordance with that, the carbon-

carbon double bond distances in the benzene ring-1 was not found to be equal each other. The 

bond distances for C1=C2 and C1=C6 were calculated to be about 1.3839 Å and 1.3826 Å, 

respectively. This may be significantly originated from the existence of the substituent 

bonded at  different positions and the conjugative effects in the rings (Subashchandrabose et 

al., 2012). Furthermore, it is clear that the major deviations between the calculated bond 

lengths were found to be at C12-O13, C19-O20, N25-C27, C27-O28 and C42-O43 bonds; 1.1816 Å, 

1.2012 Å, 1.3597 Å,1.2009 Å and 1.1815 Å in (B3LYP/6–31G(d,p) method, and 1.1679 Å, 
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1.1745 Å, 1.3354 Å, 1.1792 Å and 1.1683Å in HF/6–31G(d,p) method, respectively. 

However, the absence of such a large difference between the bond lengths at C6-O11, O11-C12, 

O41-C42 and C30-O41 caused from the binding of atoms to the nearest carbon atoms with a 

single bond. Moreover, the C-C bond lengths in the molecule calculated to be between 

1.3198-1.4993 Å and 1.3159-1.4922 Å with DFT and HF methods, respectively. 

Additionally, according to results obtained from B3LYP/6–31G(d,p) methods, C12=O13, 

C19=O20, C27=O28, C42=O43 bond distances were computed to be 1.1816, 1.2012, 1.2009 and 

1.1815 Å. These observed variations at C=O bonds stemmed from the strong intra-molecular 

charge transfer (ICT) in the current studied molecule (Qian et al., 2009). Furthermore, the C-

O bond lenghts in the present molecule were recorded as 1.3508 (C12-O11) and 1.3683 Å (C42-

C41) with the same basic set. This results confirm that C-O single bond length  is larger than 

C=O bond (Tezer and Karakus, 2009). 

Table 1. Theoretically calculated bond lengths (Å) of the title compound 

Bond Lenghts (Å) 

Atoms 
B3LYP/6–

31G(d,p) 

HF/6–

31G(d,p) 

C1-C2 1.3839 1.3725 

C1-C6 1.3826 1.3707 

C1-H7 1.0745 1.0694 

C2-H8 1.0751 1.0716 

C6-O11 1.3683 1.3597 

O11-C12 1.3508 1.3488 

C12-O13 1.1816 1.1679 

C12-C14 1.4893 1.4867 

C14-H15 1.0724 1.0677 

C14-C16 1.3198 1.3159 

C19-N21 1.3594 1.3512 

C19-O20 1.2012 1.1745 

C27-O28 1.2009 1.1792 

N21-H22 0.9924 0.9897 

N25-H26 0.9922 0.9895 

N21-C23 0.9924 0.9897 

C30-O41 1.3682 1.3599 

C27-C33 1.4993 1.4876 

C34-H38 1.0745 1.0694 

C44-H46 1.0745 1.0694 

C44-C45 1.4993 1.4922 

C42-O43 1.1815 1.1683 

C45-H47 1.0750 1.0678 

N25-C27 1.3597 1.3354 

O41-C42 1.3683 1.3598 

C42-C44 1.4895 1.4856 
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As for the bond angles selected, the larger differences between the findings calculated from 

DFT and HF basis set methods were noted at the bond angles of C26-N25-C27 and O28-C27-N25 

since largest electron density existed on these atoms. This may be attributed to the fact that 

the DFT method take into account the effect of electron correlation. Moreover, it was visible 

that there existed the variation in the bond angles at ring-1, and the theoretically calculated 

bond angles for C2-C1-C6 and C1-C2-C3 were designated as 119.2289° and 120.6328°, 

respectively. This may be caused from the little distortion in the regular hexagonal symmetry 

of the phenyl ring, which stemmed from the irregular charge distributions on carbon atoms 

in the title molecule structure (Hiremath, Kalkoti, and Aralakkanavar, 2009). Moreover, the 

O11-C12-C14 and C3-C19-N21 bond angles were noted to be 117.6277° and 116.1840°, 

respectively. This deviation was directly related to the presence of the strong intra-molecular 

charge transfer in the synthesized molecules since the vinylic group possessed smaller 

electronic donor ability  than that benzene ring had (Ma et al., 2012).  On the other hand, the 

bond angle of C42-C44-C45 in the vinylic groups of the title molecule was found to be 

119.5046°, whereas the bond angle of C2-C1-H7 in the benzene ring was calculated to be about 

120.9387°. 

 

Table 2. Theoretically calculated bond angles (°) of the title compound 

Bond Angles (°) 

Atoms B3LYP/6–31G(d,p) HF/6–31G(d,p) 

C2-C1-C6 119.2289 119.0623 

C2-C1-H7 120.9387 121.1254 

C1-C2-C3 120.6328 121.6507 

 C2-C3-C19 123.3936 123.0589 

C1- C6-O11 118.7604 119.0752 

C6-O11-C12 124.1858 124.3876 

O11-C12-O13 118.3830 118.6941 

O11-C12-C14 117.6277 117.1126 

H17-C16-H18 117.9424 117.5532 

C3-C19-N21 116.1840 115.7221 

O20-C19-N21 122.3814 123.0127 

C24-N25-C26 118.1799 119.1006 

C26-N25-C27 119.1306 120.9274 

O28-C27-N25 122.2913 124.4531 

O28-C27-C33 121.4411 121.8098 

O41-C42-O43 118.4958 119.0003 

C30-O41-C42 124.0540 124.9594 

C29-C30-C31 121.0101 122.1656 

O43-C42-C44 123.9509 124.4461 

O41-C42- C44 117.5251 117.9123 

C42-C44-C45 119.5046 120.3377 

H46-C45-H47 117.9260 118.5223 

C44-C45-H46 120.8999 122.0012 
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3.2.2. Electrochemical properties of ABCEDA 

In this part, the electrochemical and optical characteristics of the title organic compound were 

investigated in detail. As known, highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) allows us to discuss the chemical reaction potential, 

electrochemical features as well as optical properties and UV-Vis spectra of a molecule 

(Prasad et al., 2010). HOMO and LUMO also play an important role in interpreting the 

interaction of the species with each other. HOMO stands for the outermost orbital with the 

tendency to donate electrons (electron donor), while LUMO is related to innermost orbital 

having empty place to accept electrons (electron acceptor) (Cakir et al., 2014). In other words, 

HOMO energy level is associated with the ionization potential, while LUMO directly ascribes 

the electron affinity. That is, the energy band gap between HOMO and LUMO orbitals gives 

the information about the stability of the molecule structures. Moreover, the molecular orbital 

theory states that the π – π* transition arises from the interactions of HOMO-LUMO orbitals 

(Buyukuslu et al, 2010). 3D plots of the he frontier orbitals (HOMOs and LUMOs) of the 

title compound was depicted in Figure 6. The green blobs showed the negative phase, while 

the red blobs depicted the positive phase. As seen from the figure, HOMOs and LUMOs were 

ascribed to predominantly π-anti-bonding type orbitals. The delocalization of the former 

orbitals appeared on mostly vicinity of the benzene rings, carbonyl, vinylic and amino groups, 

but there existed no transition on hydrogen atoms in the molecule. Large delocalization of 

charge density came into view over the molecule, which may be caused from that the 

molecule possessed mainly planar structure and acted softly as electrophilic (Hatch et al, 

2000). The another crucial parameter deduced from the HOMO-LUMO orbitals was optical 

band gap energy indicating the kinetic stability and chemical reactivity of the molecule 

(Lewis et al, 1994). Namely, the increasing of optical band gap caused the decrement in the 

reactivity (mainly polarizability) and increment in the stability of the structure. So, a 

compound with low kinetic stability and high chemical reactivity is defined as soft materials 

(Cakir et al., 2014). As for the title compound, HOMO and LUMO energy values was 

computed to be about -0.3105 a.u. (-8.4491 eV) and 0.0799 a.u (2.1742 eV) for the 

synthesized molecule at B3LYP/6-31G(d,p) calculation level, respectively. The energy 

difference between HOMO and LUMO (optical band gap energy) was found to be 0.3904 

(10.6233 eV) a.u. This result show that the title molecule had quite stability (Ozdemir et al, 

2010). Correspondingly, the calculated HOMO and LUMO Eigen values (5.2913 and -

20.6264 a.u., respectively) showed that the studied compound had relatively low electronic 

donor ability, polarizability and chemical reactivity (Bakhshi and Rattan, 1998).   

 
Fig. 6. 3D maps of the a) LUMO and b) HOMO of ABCEDA 
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At time same time, the electronegativity (χ), chemical hardness (η), electrophilic index (ψ) 

and softness (ζ ) quantities determined by using the electron affinity and ionization potential 

values were computed with the use of HOMO-LUMO energies of the synthesized molecule. 

The obtained data were tabulated in Table 3. According to the table, χ  and ψ values of the 

title compounds were calculated to be about 0.1153 a.u. (3.1375 eV) and 0.0052 a.u. (0.1415 

eV), respectively. This result was attributed the fact that the studied compound mostly 

possessed the possible active sites condensing on oxygen atoms for electrophilic attack 

(supported by MEP analyses). Furthermore, η value of the molecule was found to be about 

0.1952 a.u. (5.3117 eV), whereas ζ value is computed to be about 2.5336 a.u. (68.9428 eV), 

which illustrating the title compound may be used for the optic and optoelectronic 

applications (Koca et al, 2012) 

 

Table 3. Calculated energy values in the ground state at B3LYP/6-31G(d,p) level of theory 

Quantity  Value (a.u.) Value (eV) 

Lowest Molecular Orbital Eigen Value -20.6264 -561.2730 

Highest Molecular Orbital Eigen Value 5.2913 143.9837 

HOMO  -0.3105 -8.4491 

LUMO  0.0799 2.1742 

HOMO–LUMO, optical band gap energy, │ΔE│ 0.3905 10.6261 

χ (electronegativity) 0.1153 3.1375 

η (chemical hardness) 0.1952 5.3117 

ψ (electrophilic index) 0.0052 0.1415 

ζ (softness)-1 2.5336 68.9428 

3.2.3. Molecular electrostatic potential and electrostatic potential analyses 

Molecular electrostatic potential (MEP) and electrostatic potential (ESP) are the significant 

properties to depict the charge distribution of a molecule. The useful information about the 

interaction of the molecule with another molecules is obtained from 3D maps of both MEP 

and ESP.  The molecular electrostatic potential V(r) can be defined as the interaction energy 

between the electrical charge produced from the nuclei and electrons of the title molecule and 

a proton (a positive test charge) located at the certain point, r (x, y, z)(Ozdemir et al., 2010; 

Soykan et al., 2013). As depending on electronic density, MEP indicates the sites presenting 

in the molecule for electrophilic reactions, nucleophilic attacks and also the hydrogen bond 

interactions (Parlak et al., 2011). The 3D map of the MEP belonging to the title molecule was 

depicted in the Figure 7. Herein, the nucleophilic reactivity, electrophilic reactivity and non-

reactive sites on the studied molecule were presented by blue (positive), red(negative) and 

green/yellow (notr) regions, respectively. It is visible from the figure that there existed four 

possible electrophilic sites on the molecule for the intermolecular interactions. The most 

negative regions meaning the existence of excess negative charge were delocalized on the 

carbonly groups and oxygen atoms on the studied compound. On the other hand, it was 

obvious from the figure that the nucleophilic reactivity of the title compound was localized 

on the hydrogen atoms and vinylic groups. That is, the studied molecule possessed possible 

reactivity for the interaction intermolecularly and metallically. Moreover, the title molecule 

with the nucleophilic reactivity caused from two terminally locating vinylic groups may be 
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useful for the cross-linking reaction. Moreover, the electrostatic potential (ESP) image 

belonging to ABCEDA molecule was depicted in the Figure 8. Here, negative ESP was 

presented as the yellowish blob whereas negative ESP reflected as the reddish blob. As 

known, ESP is related to the electronegativity on an atom and the partial charge distribution 

in a molecule. It was apparent from the image, the most negative ESP spread over mainly on 

the oxygen atoms existing in the structure. This showed that π-electrons delocalized over the 

carbonyl groups and at the junctions of vinylic and benzene rings with these carbonyl groups 

in the molecule. On the other hand, it was visible from the figure that the positive ESP spread 

over the rest of the studied molecule. 

 

 
Fig. 7. 3D map of the molecular electrostatic potential (MEP) of the ABCEDA molecule 

 

 
Fig. 8. 3D map of the electrostatic potential (ESP) of ABCEDA molecule 
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4. Conclusion  

In this multidisciplinary study, we not only synthesize the  novel ((ethane-1,2-diylbis 

(azanediyl))bis(carbonyl))bis (4,1-phenylene) diacrylate (ABCEDA) molecule but also 

characterize both experimentally by means of FTIR, DSC and 1H-NMR tecniques and 

theoretically by using density functional theory (DFT) and Hartree Fock (HF) method for the 

first time. The synthesis of ABCEDA molecules was performed with the three reaction steps 

and the yield was found to be 68 wt%. As a result of this study, the following major finding 

were concluded: 

✓ The characteristic absorption bands belonging to amide, ester, phenyl and vinylic groups 

in the title molecule and the characteristic peaks obtained from the 1H-NMR spectrum 

showed good correlation with the molecular structure of the ABCEDA compound.  

✓ The melting temperature of the title molecule was obtained to be about 335°C in the 

DSC spectrum. There was also exotherm at 246°C attributing to the crystallization 

temperature (transition temperature from amorphous to crystalline form). 

✓ The most optimized spatial molecular structure of ABCEDA molecule at minimum 

energy level were determined with the aid of theoretical calculation. Moreover, the 

molecular geometry properties (bond angles and bond lengths) of the molecule were 

computed by both DFT and HF method. The obtained results revealed that there existed 

some little deviations on the bond angles and bond lengths of the molecule due to the 

difference in the nature of the applied calculation methods. 

✓ As for electrochemical properties of ABCEDA, HOMOs and LUMOs of the title 

compound were ascribed to predominantly π-antibonding-type orbitals. The 

delocalizations were seen mainly on vicinity of the benzene rings, carbonyl, vinylic and 

amino groups. Furthermore, the theoretical findings showed that the molecule possessed 

mainly planar structure and acted softly as electrophilic. Additionally, the novel 

compound was found to be soft material due to having the low kinetic stability and high 

chemical reactivity.  

✓ MEP map presented that the title molecule had the nucleophilic and electrophilic 

reactive sites. The negative regions were delocalized on the carbonly groups and oxygen 

atoms, while the positive regions were localized on the hydrogen atoms and vinylic 

groups. Moreover, it was apparent from ESP, the most negative ESP spread over mainly 

on the oxygen atoms in the title compound studied. 
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