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Structural optimization of 1,3-dicarbomethoxy4,6-benzenedicarboxylic acid single crystal was 

performed by minimizing the forces which act on the atoms. The optimized geometry was used to 

perform the theoretical study of electronic properties, electronic charge density and optical properties. 

Electronic structure, electronic charge density and optical properties were investigated using the full 

potential linear augmented plane wave based on the first-principles density functional theory (DFT). 

The exchange correlation (XC) effects are taken in to account by Local Density Approximation 

(LDA), Generalized Gradient Approximation (GGA) and modified Becke Johnson (MBJ) potential. 

The band structure shows that the calculated compound has an indirect band gap of 2.99, 3.05 and 3.93 

eV for LDA, GGA and mBJ respectively. The electron charge densities were also analyzed and 

discussed. The charge densities indicate that bonding between H-O, C-C and O-O is mainly covalent 

and the bonding between O is mainly ionic. The complex dielectric function, refractive index, energy-

loss spectrum and reflectivity have been calculated. 
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1. INTRODUCTION 

In various fields a variety of application has been found of Schiff base ligands and their metal 

which includes magnetism, medical imaging, industrial use as a catalyst and biology etc [1-10]. The 

most important one for building block to prepare open frame work material is Poly-carboxylic acids of 

benzene [11–17]. In which benzene tricarboxylic acid has adaptability [11] and can figure a variety of 

motifs both through metal co-ordination [11,12, 18–21] or by way of organic motifs which posses 

http://www.electrochemsci.org/
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complimenting hydrogen bonding effect [11, 22–24]. The, carboxylic acid have numerous binding 

sites and possibly will have analogous co-ordination chemistry to phthalimide derivative like (1,3-

dioxo-1,3dihydro-isoindol-2-yl)-acetic acid [25, 26]. The 1,3,5-tricarboxylic acid crystal structure 

consists of hydrogen bonded complex [27] and these complexes can be suffered by acetic acid [28]. 

The copper of carboxylate chemistry is immeasurable and tough because of their remarkable structural 

facial appearance and properties [29–35]. A balanced drawing and production of coordination 

polymers are getting extreme attention due to their prospective properties, and also due to their 

charming outline structures [36–44]. During the few passing years, based on metal ions and rigid 

spacer ligands like di- or tri-carboxylates coordination polymers have been fruitfully synthesized [45–

50]. The chemistry of carboxylic acids finds significance due to effectiveness in number of achievable 

orientations [51–60] and many kinds in coordination chemistry [61–73]. Due to supra-molecular 

binding abilities possessed by the organic motifs got the bonus consideration to know their properties 

in limited means. [74–80]. 

To the extent of our information no comprehensive work (experimental or theoretical) on the 

electronic structure and optical properties of 1,3-dicarbomethoxy4,6-benzenedicarboxylic acid  has 

been seen in the literatures. In the present work we used the all-electron full potential linear augmented 

plane wave (FP-LAPW) method to investigate the electronic structure, optical properties and charge 

density. The FP-LAPW has been proven to be one of the most accurate methods for the computation of 

electronic structure work of solid with in density functional theory (DFT).  

 

 

 

2. METHODOLOGY 

 
 

Figure 1. Unit cell structure of 1,3-dicarbomethoxy4,6-benzenedicarboxylic acid. 

 

The metallohybrid carboxylic acid crystal structure has been obtained from the reaction of 

copper(II)acetate monohydrate with 1,3,5-benzenetricarboxylic acid (TCAH3) in the existence of 
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pyridine (py) with composition Cu(py)2(TCAH2)2(H2O)2 [81]. The crystal structure of 1,3-

dicarbomethoxy4,6-benzenedicarboxylic acid has been shown in Fig. 1, which crystallizes in 

monoclinic having the space group number 14 (P21/c) and the lattice parameters are a = 6.9549(16)A° 

, b = 8.7676(15)A°, c =20.111(4)A°  and V = 1225.1(4) A
3 

of a
 
unit cell. We got the crystallographic 

data in the form of CIF, deposited in Cambridge Crystallographic database which has the CCDC 

number 630337. We have performed the calculation by using all electrons full potential linear 

augmented plane wave (FP-LAPW) method to resolve Kohn sham DFT equation within the support of 

the WEIN2K code [82].
 

This is an accomplishment of the DFT [83] with different feasible 

approximation for the exchange co-relation. By using the local density approximation, Generalized 

Gradient Approximation (GGA) and modified Becke–Johnson (mBJ) we have calculated the exchange 

co-relation (Exc) [84]. This has been recognized that in the self consistent band structure calculation 

within density functional theory approaches that GGA and LDA usually under estimates the energy 

gap valve [85]. This is because they are simplified model assumptions which are not suitably elastic to 

exactly reproduce Exc energy. This shortcoming was overcome by modified Becke–Johnson (mBJ) 

[86]. Which are capable of having better energy gap. The mBJ yields an improved band splitting 

compared to LDA and GGA.  

In this correspondence, we scrutinize the electronic structure, charge density and optical 

properties by using density functional theory (DFT). From this work we will be aware of the structural 

and optoelectronic nature of this compound. The optical properties are frequently discussed in the 

expressions of the complex dielectric function i.e.       21  . The dielectric function 

imaginary part in the long wavelength limit has been got from the electronic structure calculation by 

making the use of the joint density of states (DOS) and the optical matrix elements. While the 

dielectric functions real part is calculated from the imaginary part by using the relationship of 

Kramer’s–Kronig.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Band Structure 

The calculated electronic band structure along the symmetry points is shown in Fig 2. It can be 

clearly seen that, the top of the valence band located at the X point and the bottom of the conduction 

band is located at the Г point, defining the indirect band gap of 3.93 eV within mBJ, while the band 

gap for LDA and GGA are 2.99 eV and 3.05 eV respectively. To the best of our knowledge, there are 

no previous experimental or theoretical data for the energy band gaps available in literature to make a 

meaningful comparison. Thus, we expect that our band gap value might be lower than the experimental 

ones, due to DFT underestimation. it is well-known that first-principles calculation of the electronic 

structure of semiconductors and insulators using LDA and GGA underestimate  the band gap values 

compared to experiments. This underestimation is mainly due to the fact that GGA endures from 

artificial electron self-interaction and also be deficient in the derivative discontinuities of the 
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exchange-correlation potential with respect to occupation number. However mBJ approximation used 

for exact band gap calculations, which is better than LDA and GGA. 

 

 
 

Figure 2. Calculated band structure. 

 

3.2 Density of states 

In this part we analyze the density of states of the monoclinic 1,3-dicarbomethoxy4,6-

benzenedicarboxylic acid. We calculated the total and partial density of states (DOS) of the 

investigated compound using LDA, GGA and mBJ schemes. From the density of states we can analyze 

the electronic band gap nature. From the eigenvalues and eigenvectors solved at sufficient number k-

points in the BZ, the total DOS can be projected into its partial components (PDOS) with respect to the 

different atoms. Fig. 3 shows the calculated total and partial densities of states for 1,3-

dicarbomethoxy4,6-benzenedicarboxylic acid. The density of states (DOS) can be divided into two 

groups/structures which are separated by gaps. From the PDOS we are capable to classify the angular 

momentum (l-dependent) origin of the different bands.  

Following Fig. 3, the peaks from -11.0 and -9.0 eV is due to the contribution of C-s and O-p 

states. The peaks between -8.0 and -1.0 eV consist of O-p, C-p and H-s in states.  In the conduction 

bands the peaks situated in the region between 4.0 eV and 8.0 eV consist of mainly C-p and from 9.0 
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eV and 20.0 eV consist of H-s and C-s/p. There exists a strong hybridization between C-p and H-s 

states in the energy range between -8.0 eV and 4.0 eV. 

 

 
(a) 

 

 
(b) 
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(c) 

 

Figure 3. Calculated total and partial densities of states (States/eV unit cell) 

 

3.3 Electron Density 

 
(a) 
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(b) 

 
(c) 
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(d) 

 

 
 

(e) 

 

Figure 4. Electronic charge density contour in (101) plane (a) LDA (b) GGA (c) EV-GGA 
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To further study the interaction among C, H and O atoms, the contour maps of electron 

densities for LDA, GGA and mBJ in the 2D (101) plane and also the (111) plane for mBJ are plotted in 

Figs. 4. The plot is ionic and partial covalent bonding between C and O, which acting on the Pauling 

electro-negativity difference of C (2.55) and O (3.44) atoms. The calculated electron density shows 

that charge density lines are spherical in some areas of the plane structure which shows sign of ionic 

bond between O atoms and in some areas of structures C and O atoms shared electron that shows the 

strong covalent interaction between C – O, O – H and C – H. Due to the electro negativity differences 

between C, O, and H atoms, thus most the charges are transferred to O site. This can be seen 

straightforwardly by color charge density scale, where blue color (+1.000) corresponds to the utmost 

charge gather ion site. The contact between C and O produces covalent-like bond due to small electro-

negativity difference around (0.89). So 1,3-dicarbomethoxy 4,6-benzenedicarboxylic acid has both 

ionic and covalent bond. The electronic charge density between H – O and C – H shows weak covalent 

bonding. The plot in the different plane shows the variation in the electronic charge density as shown 

in Fig.4. In the (111) plane the bond between C-C shows strong ionic and weak covalent bonding, 

while in the (101) plane it shows completely covalent bond, labeled as 1 in Fig.4 (e). As O shows the 

ionic bonding in both plane, in (101) plane the charge density around O site distributed in is circular 

form, whereas in (111) plane the charge density distribution take the shape of dumbbell as labeled 2 in 

Fig.4 (e).   

 

3.4 Optical properties 

The structure of 1,3-dicarbomethoxy4,6-benzenedicarboxylic acid crystallizes in the 

monoclinic. Normally there are two types of involvement to frequency dependent dielectric function 

namely intra and inter band transition. The contribution due to intra band transition is only for metals. 

The dielectric function  2 , inter-band transitions can become apart to direct and indirect transitions. 

We overlook the indirect inter-band transitions which linking scattering of phonons that are predictable 

to give a small contribution to (  2 . For calculating the direct inter band contribution of the 

dielectric function  2 , this is fundamental to calculate all achievable transition occurring in 

occupied and unoccupied states which take the correct transition matrix elements in description. In the 

long wavelength limit the imaginary part is obtained directly from electronic structure calculation by 

means of the joint density of states and transition moments elements [87]; 
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Where m , e  and  denotes the electron mass, charge and Plank’s constant, respectively and cf  

and vf  symbolize the Fermi distributions of the conduction and valence bands. The expression  kpi

cv  

denotes the momentum matrix element transition of energy from the level c  of the conduction band to 

the level v  of the valence band at certain k-point in the BZ and V  is the unit cell volume.  

Our calculated result of imaginary (absorptive) and real (dispersive) parts of the dielectric 

functions is displayed in Fig.5a and b using LDA, GGA and mBJ.  
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(a) 

 
(b) 

 

Figure 5. Calculated imaginary   2 and real part  1  of dielectric tensor  
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We should emphasize that mBJ gives rise to a better band splitting, resulting in better optical 

transition between the occupied and unoccupied states. So for this motive we discuss the result of mBJ. 

Following Fig. 5, one can see that all the structure is shifted towards higher energies by around 0.5 eV 

with higher magnitude especially for the spectral structure at lower energies. A number of irrelevant 

humps are seen between these structures in these three components. We should emphasize that there is 

a considerable anisotropy between the three schemes.  

We preview the optical spectra for the energy range 0.0–14.0 eV. Fig. 5 a, shows that the whole 

structure is shifted towards higher energies by around 0.5 eV with higher magnitude especially for the 

first spectral structure at lower energies. 

By ensuing the spectra of ε2(ω), the highest spectral peak for the three schemes LDA, GGA and 

mBJ are situated at energies 3.68 eV, 3.73 eV and 4.42 eV respectively.  From the imaginary part 

ε2(ω), the real part ε1(ω) was calculated using the kramers-kronig equation [88], the real part has the 

peaks at energies 3.35 eV, 3.45 eV and 4.05 eV for LDA, GGA and mBJ, respectively as shown in Fig. 

5 b. 

In solid the optical properties are account by dielectric tensor. The investigated crystals have 

monoclinic symmetry, which has many nonzero components of the second-order dielectric tensor. In 

regardless of this only   xx

2 ,   yy

2  and   zz

2 are major, these are the imaginary parts of the 

frequency-dependent dielectric function. Fig. 6a, illustrates the calculated imaginary part of the 

anisotropic frequency-dependent dielectric functions. Broadening has been assumed to be 0.1 eV 

which is normal for the broadening starting from the electron-phonon interactions. We noticed that 

  zz

2  and   yy

2  shows the major contribution with adequate anisotropy with   xx

2  component. 

 

 
(a) 
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(b) 

 

Figure 6. Calculated average value of imaginary and real part of dielectric function (a) av

2  (b) av

1  

 

There is considerable anisotropy between the three spectrum corresponding to different 

polarization for this compounds and its maximum valves are at 4.17 eV, 5.44 eV and 4.14 eV for 

  xx

2 ,   yy

2  and   zz

2 , respectively. Apart from the main peaks the next structure peaks are at 

5.19 eV for   xx

2 , 4.06 eV for   yy

2  and 5.49 eV for   zz

2 . The peaks that emerge in the Fig. 6a, 

communicate to energy transitions between some orbital corresponding to certain energy because 

 2 is narrated to the DOS. In comparison with Fig. 6a, it can be recognized that the peaks are 

mainly due to the transition from the occupied O-2p to unoccupied C-2p or H-1s. From the dielectric 

functions   xx

2 ,   yy

2  and   zz

2  the real parts   xx

1 ,   yy

1  and   zz

1  were calculated. The 

results of   xx

1 ,   yy

1  and   zz

1 are shown in Fig. 6b.  

Using  1  and  2 , we have calculated the related optical properties, namely the energy-

loss spectrum L(ω), reflectivity R(ω) and the refractive index n(ω) as shown in Figure 7. The electron 

energy loss spectroscopy is a valuable tool for investigating various aspects of materials [90]. The 

energy-loss spectrum is related to the energy loss of a fast Electron traversing in the material and is 

usually large at the plasma energy [91]. The plasmon losses correspond to a collective oscillation of 

the valence electrons and their energies are related to the density of valence electrons. In the case of 

inter-band transitions, which consist mostly of plasmon excitations, the scattering probability for 

volume losses is directly connected to the energy loss function. The frequency corresponding to the 

plasma resonance can be calculated from the energy loss spectrum shown in Fig. 7a. The most 

prominent peak in the energy-loss spectrum is identified as the plasmon peak and located at 6.20 eV 
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for  xxL  and 13.54  yyL and  zzL . The peaks in each of these spectra correspond to the peaks 

observed in the imaginary part  2  of dielectric function.  

 

 
 

(a) 

 

 
 

(b) 
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(c) 

 

Figure 7. Calculated energy-loss spectrum L(ω), reflectivity R(ω) and the refractive index n(ω) 

 

Fig. 7b shows the variations of reflectivity  R  of 1,3-dicarbomethoxy4,6-

benzenedicarboxylic acid in the energy range of 0–14 eV. It is interesting to note a continuous abrupt 

increased and reduction in the reflectivity spectrum which confirming the occurrence of a plasmon 

resonance. The plasmon minimum depth is determined by the imaginary part of the dielectric function 

at the plasma resonance and is the envoy of the degree of overlap between the interband absorption 

regions. The zero-frequency reflectivity remains almost the same up to 2 eV. After 2 eV it increases 

and eventually becomes maximum. The most prominent peaks are observed at 5.60 eV, 5.57 eV and 

4.14 eV for  xxR ,  yyR  and  zzR  respectively. Interestingly, at 4.30 eV the maximum 

reflectivity occurs where the  1  goes below zero, as seen from Figs. 7b and 6b. 

The refractive index of a crystal is closely related to the electronic polarizability of ions and the 

local field inside the crystal. The values of n(0) are found to be 1.39, 1.30 and 1.32 along  xxn , 

 yyn  and  zzn  respectively. It is clear that the refractive index increases from its zero frequency 

limit and reaches the maximum value of 4.07 for  xxn  and 3.96 for both  yyn  and  zzn  at 

around 4.0 eV, as exposed in Fig. 7c. Beyond the maximum value it starts decreasing and goes below 

unity after 4.29 eV. Refractive index less than unity 









n

c
g  shows that the group velocity of the 

incident radiation is greater than c [89]. This signifies that the group velocity moves to negative 

domain and the character of medium changes from linear to nonlinear. And the material becomes 

superluminal for high energy photons.  
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4. CONCLUSION 

The structure of 1,3-dicarbomethoxy 4,6-benzenedicarboxylic acid was optimized by 

minimizing the forces acting on each atom. Then we provide detailed calculation on the electronic 

structure and linear optical properties of the 1,3-dicarbomethoxy4,6-benzenedicarboxylic acid by 

means of the full potential linear augmented plane wave (FPLAPW) method within LDA, GGA and 

mBJ. The total and partial densities of states, as well as optical properties, were analyzed. The 

calculation show that the compound is  

indirect band gap material (X-Γ) of about 2.99, 3.05 and 3.93 eV for LDA, GGA and mBJ 

respectively. Even though there exist no experimental or theoretical calculations with which we should 

compared our results, obviously, the top of our analyzed studies prove the consistency of our 

calculations, signifying that calculations should be realistic for the 1,3-dicarbomethoxy4,6-

benzenedicarboxylic acid. We studied the electronic charge density in the ( 1 1 0) crystallographic 

plane in order to explain the bonding properties. The dielectric optical properties were also calculated 

and discussed in detail.   
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