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ABSTRACT 

Organo-selenium compounds are of a broad spectrum of potential technical applications. To 

date, many efforts have been devoted to develop their chemistry. In this context, two 

benzo[c][1,2,5]selenadiazole compounds have been synthesized and characterized by 1H 

NMR, 13C NMR, 19F NMR, MS and UV-Vis spectroscopic techniques. Both structures were 

confirmed using single-crystal X-ray diffraction analysis. Each compound crystallizes in 

monoclinic systems, space group P21/c forming dimeric units due to the intermolecular 

Se···N interactions. The dimmers are further linked by weak π···π stacking interactions 

between 1,2,5-selenadiazole and the six-membered aromatic rings. The electrochemical 

behavior of the compounds has been investigated by cyclic voltammetry. Additionally, the 

structural geometrical parameters, vibrational, electronic transition, Fukui analysis and redox 

properties of the molecules have been rationalized by DFT and TD-DFT methods using 

B3LYP level of theory in conjunction with 6-311G(d,p) basis set implemented in Gaussian 09 

program. As a result, an excellent correlation between the electronic transitions and the 

electrochemical behavior was found. 
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1. Introduction  

Over the last few years, there has been an increasing interest in organo-selenium 

compounds chemistry [1–4], mainly due to their importance as reagents and intermediates in 

organic synthesis and asymmetric transformations, especially as excellent selective reagents 

for the allylic oxidation [5,6]. Apart from this, organo-selenium compounds have fascinating 

pharmacological activities; they act as antioxidants, antitumor, anti-inflammatory, antifungal, 

antibacterial and antiviral agent [6–11]. Furthermore, selenium is a micro nutriment naturally 

present in several redox active enzymes including glutathione peroxidase [12]. In addition, 

selenium compounds are used in xerography and synthesis of conducting materials and 

semiconductors [13,14]. 

In chemistry, selenium is known to easily take part in redox reactions involving one or 

two electron transitions. It should be noticed that organoselenides are considered as toxic and 

malodorous compounds [15]. Nevertheless, selenaheterocycles are weakly volatile and their 

toxicity is low [16]. Besides, it has been reported that several selenoxides are used as an 

effective catalyst for the bromination of organic substrates in presence of sodium bromide and 

hydrogen peroxide [17]. Also, organoselenides catalyze the allylic halogenation of alkenes 

and α-halogenation of ketones in presence of N-halo-succinimides [18]. Moreover, 

electrochemical procedure has been employed as an effective and convenient method because 

of its high selectivity in organic chemistry such as the synthesis of α-bromo alkyl aryl ketones 

[19]. Recently, we have been performed the cyclic voltammetry to investigate the redox 

behavior of a metal complex [20]. Herein, we study the chemistry of organoselenium 

compounds as important substructures in a broad range of natural and designed products. 

Therefore, in view to prepare organic compounds that could be valuable for the 

oxidation of natural molecules, we have used the cyclic voltammetry (CV) [21] as 

inexpensive, selective and sensitive electrochemical technique in order to investigate the 

redox behavior of these compounds. In the current work, we report the results of our study 

dedicated to two organo-selenium derivatives: 5-methyl-benzo[c][1,2,5]selenadiazole (C1) 

[22] and 5-fluoro-benzo[c][1,2,5]selenadiazole (C2). The general procedure of the synthetic 

path is shown in Scheme 1. Moreover, structural parameters of the titled compounds were 

computed by theoretical studies using density functional theory (DFT) and time dependent 

density functional theory (TD-DFT) methods. Finally, optical and electrochemical properties 



using CV technique of both samples were investigated in order to confirm the chemical 

stability as well. 

 

Scheme 1. synthesis of benzo[c][1,2,5]selenadiazole derivatives  

2. Experimental 

2.1. Material and methods 

4-methyl-o-phenylenediamine (1), 4-fluoro-o-phenylenediamine (2) selenium dioxide 

(SeO2) and N,N-dimethylformamide were purchased from sigma Aldrich. Melting point was 

measured with Kofler heating bench. NMR spectra was recorded in CDCl3 using a Bruker 

Avance 300 MHz spectrometer. Chemical shifts are expressed in ppm relative to external 

TMS. GC parameters for capillary columns TG-5MS (30 m x 0.25 mm): injector 230 °C; 

detector  

200 °C; oven 40 °C for 2 min then 40 °C min-1 until 280 °C for 12 min; column pressure 42.9 

kPa. Gas flow 20 mL min-1. For MS detection, the ionization was performed on an ISQ LT 

single quadruple mass spectrometer in positive EI modes using a mass scan range of 50 to 400 

Da. 

2.2. Synthesis and crystallization 

2.2.1 5-methyl--benzo[c][1,2,5]Selenadiazole (C1). 

5-methyl-benzo[c][1,2,5]Selenadiazole has been prepared by the condensation of 4-

methyl-o-phenylenediamine and selenium dioxide in N,N-dimethylformamide as described 

earlier in our previous work [22]. 

C7H6N2Se colorless. m/z =197.8[M]+ (Fig. S4). Mp=78 °C (from CHCl3). 
1H NMR 

(300 MHz, CDCl3, ppm): 2.4 (3H, s), 7.2 (1H, m), 7.5 (1H, m), 7.65 (CH, m). 13C{1H} NMR 



(75 MHz, CDCl3, ppm): 25.9 (CH3), 126.3 (CH), 127.6 (CH), 137.7 (CH), 145.1 (Cq), 164.8 

(Cq), 166.0 (Cq) (see Fig. S2). 

2.2.2 5-fluoro-benzo[c][1,2,5]Selenadiazole (C2). 

0.09 g (0.71 mmol) of 4-fluoro-o-phenylenediamine and 0.079 g (0.71 mmol) of SeO2 

were dissolved in 5 mL of N,N-dimethylformamide. After stirring for 24 h at room 

temperature. The reaction mixture was diluted with 30 mL of water and extracted 3 times with 

20 mL of ethyl acetate. The organic phases were dried over MgSO4 and evaporated under 

reduced pressure. Pure product was isolated by column chromatography on silica gel using 

hexane/ethyl acetate (90/10) as eluent (yield: 84%). Yellowish crystals were obtained by 

crystallization from chloroform. 

C6H3FN2Se color yellowish. m/z = 201.06 [M-F]+ (Fig. S4). 1H NMR (300 MHz. 

CDCl3, ppm) 7.3 (1H, m), 7.4 (1H, Dd, J= 9.3, 2.4 Hz), 7.8 (1H, Dd, J=9.6, 5.7 Hz). 13C{1H} 

NMR (75 MHz, CDCl3, ppm): 105.8 (CH, d, 2JC-F=22.5 Hz), 122.0 (CH, d, 2JC-F=30.0 Hz), 

124.1 (CH, d, 3JC-F=11 Hz), 158.0 ( Cq, s) , 162.2 (Cq, d, 3JCq-F= 14 Hz), 164.0 (Cq, d, 1JC-F== 

254 Hz) . 19F (282 MHz, CDCl3, ppm) : -110.16 ( Td, J= 14.2, 5.5 Hz) (Fig. S3). 

2.3. X-ray crystallography of 5-fluoro-benzo[c][2,1,3]selenadiazole (C2) 

A yellowish crystal of (C6H3FN2Se) (Fig. 1) was mounted on a Bruker APEX-II CCD 

duo diffractometer using graphite monochromated Mo Kα radiation (λ= 0.71073Å). The 

structure was solved by direct method SHELXS-97 and refined by full-matrix least-squares 

procedures on F2 [23,24]. XP (Bruker AXS) and Mercury were used for graphical 

representations [25].  

CCDC 1896845 (C2) contains the supplementary crystallographic data for this paper. 

These data are provided free of charge by The Cambridge Crystallographic Data Centre. The 

details of refinement parameters are given in Table 1. 

Table 1  
Crystallographic and structure refinement parameters for [C6H3FN2Se]. 
 
Chemical formula C6H3FN2Se 
Formula weight 201.06 
Crystal system monoclinic 
Space group P 21/c 



Crystal color  yellowish 
Radiation type Mo Kα  
a (Å) 13.2549(6) 
b (Å) 3.8667(2) 
c (Å) 13.0731(6) 
β (o) 109.309(2) 
V (Å3) 632.34(5) 
Z 4 
T (K) 150 (2) 
Rint 0.0241 
Final R indices [I>2σ(I)] * 0.0200, wR2 0.0517 
R indices (all data) 0.0222, wR2 0.0532 

Computer programs: APEX2 (Bruker, 2014), SAINT (Bruker, 2013), SAINT, SHELXS97 (Sheldrick, 2008), 
SHELXL2014/7(Sheldrick,2015), Mercury (Macrae et al., 2006), publCIF (Westrip, 2010) 

 

Fig. 1. The molecular structure of C2 with displacement ellipsoids drawn at the 30% 
probability level 

2.4. Computational studies 

All theoretical calculations presented in this paper were performed using the Gaussian 

09 program package [26]. The full geometries of C1 and C2 were optimized employing DFT 

method in a vacuum and in 1,4-dioxane as solvent using B3LYP level of theory in 

conjunction with 6-311G(d.p) basis set, which was assigned for all atoms [27]. 

Vibrational frequency calculations were computed in order to ensure that the optimized 

geometries are the most stable (only positive values were obtained). Electronic transitions in 

the UV absorption spectra based on the optimized geometries were carried out employing  

TD-DFT approach [28] in 1,4-dioxane as solvent with the conductor like polarizable 

continuum model (C-PCM) [29]. Gaussum program [30] was used to delineate with the rate 



contributions of each group to a particular molecular orbital (MO) by means of Natural Bond 

Orbital (NBO). Thereafter, the Fukui functions were calculated using NBO analysis [31] at 

DFT/B3LYP level in order to understand the transfer of charges or conjugative interactions in 

a molecular system. 

2.5. Electrochemical study 

The cyclic voltammetry (CV) measurements were performed using a potentiostat PGZ100 

with a three-electrode configuration. A platinum wire working electrode, a platinum mesh 

auxiliary electrode and Ag/AgCl (Saturated KCl) reference electrode. All references reported 

in this manuscript are versus the reference electrode. The CV measurements were achieved in 

sodium sulfate solution (Na2SO4 = 1 M) /1,4-dioxane (90/10: v/v) as the supporting 

electrolyte (pH=4.53) at 298±1 K with a scanning rate of 50 mV/s. The solutions were 

deoxygenated with bubbling nitrogen (N2(g)) at least 10 min during the electrochemical 

measurements. 

3. Results and discussion 

3.1. Description of the crystal structure of C2  

The titled compound was prepared in DMF by reacting 4-Fluoro-o-phenylenediamine 

with selenium dioxide at room temperature as shown in Scheme 1. The 1H NMR spectrum 

shows only three peacks at 7.3, 7.4 and 7.8 ppm corresponding to the aromatic protons. 

Furthermore, the single crystal x-ray diffraction analysis of C2 confirmed the assignments of 

the structure from spectroscopic data. The crystal packing of C6H3FN2Se shows that the 

molecules are arranged in rods along b axis (Table 2 and Fig. 2). 

Table 2  
Hydrogen-bond geometry (Å, °) for C2. 

 
D - H���A  D - H  H���A  D���A  D-H���A 

C(3) -H(3) ���N(1)i  0.95  2.55  3.490(3)  169 

C(6) -H(6) ���F(1A)ii  0.95  2.50  3.446(3)  174 

Symmetry codes: (i) x,1/2-y,1/2+z; (ii) x,3/2-y,-1/2+z 



 

Fig. 2. Part of the packing diagram of C2, showing Se���N contacts and π���π stacking interactions as 

dotted lines. Displacement ellipsoids are drawn at the 30% probability level. For clarity lower 

occupancy sites are omitted. 

The formation of dimeric units by intermolecular Se���N interactions (Se���N2 = 2.853(2) 

Å) is observed as found for 4,5,6,7-tetramethyl-2,1,3-benzoselenadiazole and their cocrystals 

[32]. Additionally, π���π stacking interactions are found between the 1,2,5-selenadiazole and 

the six-membered aromatic ring [centroid–centroid distance = 3.596(2) Å and ring slippage = 

1 Å]. 

3.2. Vibration spectra 

The theoretical FT-IR spectra of the titled compounds were calculated at the B3LYP/6-

311G(d,p) level of theory. The scaled vibration modes are obtained at the same level of theory 

and scaled with a factor of 0.9619 [33]. It is observed that the stretching vibration modes of 

C=N bond for C1 and C2 are respectively located at 1493.07 cm-1 and 1492.77 cm-1 (Fig. S1), 

which are closer to their corresponding scaled ones at 1476.36 cm-1 and 1472.45 cm-1. For the 

N-Se bond, it is observed that the vibrational frequencies at 745.13 cm-1 and 750.13 cm-1 for 

C1 and C2 are in good agreement with the calculated values, whereas the corresponding 



scaled ones were found at 720.30 cm-1 and 719.86 cm-1, respectively. The main observed 

vibrational modes and their corresponding computed and scaled ones are given in Table 3. 

Table 3 
Experimental, theoretical and scaled vibrational wavenumbers (cm-1) of the titled 
compounds at B3LYP/6-311G(d,p) level and their assignments. 
 

Assignments Experimental values Theoretical scaled values  

C1 

υ(C=C) 1623.01 1603.78 

υ(C=N) 1493.07 1476.36 

υ(N-Se) 745.13 720.30 

C2 

υ(C=C) 1621.76 1601.38 

υ(C=N) 1492.77 1472.45 

υ(N-Se) 750.13 719.86 

3.3. Computational investigations and DFT modeling 

DFT modeling is a powerful and a widely used tool for dealing with the stability, 

reactivity and selectivity of inorganic and organic molecules. To gain a better understanding 

of the electronic structure of the titled compounds, the optimization of C1 and C2 was carried 

out in the single ground by DFT method at B3LYP level of theory. The experimental and 

computed geometrical parameters of C1 and C2 are listed in Table 4. For both compounds, 

all computed bond lengths and bond angles are in good agreement with the experimental 

findings.  

Table 4  
Experimental and theoretical selected geometry parameters (value Å and degree) for C1 and 
C2 compounds. 
 

  C1    C2 

  Calculated  
Experimental 

   Calculated  
Experimental 

  Gas Solvent     Gas Solvent  
Bond (Å)       Bond (Å)      
Se-N1  1.807 1.808  1.792 (17)  Se-N1  1.795 1.795  1.794 (19) 
Se-N2  1.808 1.808  1.790 (18)  Se-N2  1.794 1.794  1.795 (18) 
C1-C6  1.464 1.464  1.453 (3)  C1-C2  1.453 1.453  1.453 (3) 
C4-C7  1.507 1.506  1.505 (3)  C4-F  1.345 1.344  1.360 (3) 
N1-C1  1.323 1.324  1.332 (3)  N1-C1  1.322 1.322  1.330 (3) 
N2-C6  1.324 1.325  1.331 (2)  N2-C2  1.331 1.330  1.322 (3) 

Angles (°)       Angles (°)      
N1-Se-N2  94.242 94.086  94.54 (8)  N1-Se-N2  93.968 93.968  93.9 (8) 
Se-N1-C1  106.231 106.388  106.37 (13)  Se-N1-C1  106.885 106.885  106.7 (14) 
Se-N2-C6  106.334 106.488  106.57 (13)  Se-N2-C2  106.732 106.732  106.8 (14) 



C7-C4-C3  118.449 118.436  118.44 (17)  F-C4-C5  122.557 122.557  117.4 (2) 
C7-C4-C5  121.709 121.733  121.81 (18)  F-C4-C3  116.768 116.768  118.4 (2) 

 

Additionally, contour plot for some selected molecular orbitals (MOs) are presented in 

Fig. 3. The corresponding energies of these MOs as well as the percent composition of each 

element for the titled compounds are summarized in Table 5. The higher energy occupied 

molecular orbital (HOMO) to the low-lying virtual orbital (LUMO) band gap energies are 

3.99 eV and 4.01 eV for C1 and C2, respectively. 

C1 

  
 

C2 

  
 

 LUMO  LUMO+1  LUMO+2  

C1 

   

C2 

  
 

 HOMO  HOMO -1 HOMO -2 

Fig. 3 Isodensity surface plots of the frontier molecular orbitals for C1 and C2. 



Table 5 
Energy and composition of some selected molecular orbitals (MOs) for C1 and C2. 
 

  % of composition in C1  % of composition in C2 

MOs  Energy (eV) Se CH3 L Energy (eV) Se F L 

LUMO+3 0.12 2 5 93 0.09 2 2 96 
LUMO+2 -0.01 2 2 96 -0.27 2 0 98 
LUMO+1 -0.77 81 0 19 -0.90 80 0 19 
LUMO -2.58 20 1 79 -2.80 21 1 78 
HOMO -6.57 3 3 95 -6.81 5 4 90 
HOMO-1 -6.97 46 2 53 -7.20 43 1 56 
HOMO-2 -8.08 7 0 93 -8.33 6 0 94 
HOMO-3 -8.40 18 1 81 -8.72 19 0 80 

3.4. TD-DFT calculations and electronic spectrum 

For both compounds C1 and C2 along with the used reagents 1 and 2, the UV 

absorption spectra have been performed using 1,4-dioxane as solvent in the range of 200-900 

nm. The experimental spectra for C1 and C2 are shown in Fig. 4 and the corresponding 

spectra of 1 and 2 are given in supporting information (Fig. S5). For the compounds 1 and 2, 

we observed similar absorption bands at 245 nm and 305 nm with a slight difference in their 

intensity. This difference is due to the auxochrome effect caused by the fluorine atom in 2. 

Whereas, in the UV region for C1 and C2, all absorption bands are slightly superimposed 

until the wavelength 335 nm, where C2 above slightly C1 in terms of absorption band and 

wavelength. These results indicate the hyperchromic effect exhibited by the fluorine 

auxochrome in C2 which leads to an increase of absorption maxima because of the n-π* 

conjugation.  Moreover, from 200 nm to 266 nm we have noticed that SeO2, C1 and C2 show 

the same band shape. These compounds exhibit the same band at 244 nm and differ in terms 

of intensity. While, there is no significant absorption in the visible region (400-800). 

Therefore, to study the nature of the excitations in the UV spectra, the absorption bands 

of C1 and C2 were carried out by TD-DFT method using 1,4-dioxane as solvent. The 

experimental bands with the computed excitation energies, absorption bands, oscillator 

strengths and MOs transition configurations are summarized in Table 6. As can be seen from 

this table, the electronic transitions shown at 354 nm (f = 0.0458) and 350 nm (f = 0.0577) 

correspond to HOMO → LUMO transitions (97% for C1 and 96% for C2), with ligand to 

selenium charge transfer character (LSeCT) for C1 and C2, respectively. 



 

Fig. 4. Experimental UV-vis spectrum for SeO2, C1 and C2 in 1,4-dioxane. 

Table 6  
Experimental and calculated electronic transitions by TDDFT/C-PCM method for C1 and C2 in 1.4-
dioxane. 
 

 Ee 

 (eV) 
λexp. 
(nm) 

λe 

 (nm) 
Osc. 

Strength (f) 
Key transitions Character 

C1 

3.504802 335 354 0.0458 HOMO → LUMO (97%) LSeCT, Pπ (L) → Pπ (Se) 

4.041402 - 307 0.3364 H-1 → LUMO (94%) SeLCT, Pπ (Se) → Pπ (L) 

4.263602 - 291 0.0000 H–2 → LUMO (99%) LSeCT, Pπ (L) → Pπ (Se) 

4.905303 - 252 0.0009 HOMO → L+1 (92%) LSeCT, Pπ (L) → Pπ (Se) 

5.069803 244 244 0.0002 H–1 → L+1 (93%) LSeCT, Pπ (L) → Pπ (Se) 

C2 

3.541302 332 350 0.0577 HOMO → LUMO (96%) LSeCT, Pπ (L) → Pπ (Se) 

4.070402 - 305 0.3125 H–1 → LUMO (93%) SeLCT, Pπ (Se) → Pπ (L) 

4.234502 - 293 0.0000 H–2 → LUMO (99%) LSeCT, Pπ (L) → Pπ (Se) 

4.943403 - 250 0.0005 HOMO → L+1 (89%) LSeCT, Pπ (L) → Pπ (Se) 

5.172503 243 240 0.0004 H–1 → L+1 (91%) LSeCT, Pπ (L) → Pπ (Se) 

3.5. Fukui functions 

Fukui function, the most commonly applied local reactivity parameter, is defined as the 

derivative of electron density with respect to the charge in the number of electrons density 

keeping the positions of the nuclei remaining unaltered [34,35]. Fukui indices give 

information about electrophilic/nucleophilic power of such atomic site in a molecular system. 



In order to quantify the tendency of each atom in a molecule with a numerical value to 

indicate its ability to serve as a reactive site, condensed Fukui functions are investigated. The 

condensed Fukui functions on the Kth atom site are represented as: 

f +k = qk (N+1) - qk (N)     (1) 

f 
-
k = qk (N) - qk (N-1)      (2) 

∆ f(r) = f +k - f 
-
k     (3) 

Where, f +k for nucleophilic attack and f 
-
k for electrophilic attack. In these equations, qk 

is the atomic charge at the kth atomic site in the neutral (N), anionic (N+1) or cationic (N-1) 

chemical species. In the present study, the values of Fukui function were calculated from 

NBO charges. Morrel et al. [36] have proposed a new dual descriptor ∆ f(r) for the calculation 

of nucleophilicity and electrophilicity and is defined as the difference between the 

nucleophilic and electrophilic Fukui function. If ∆ f(r) > 0, the site is prone for nucleophilic 

attack, while the site is apt to electrophilic attack when ∆ f(r) < 0. The condensed Fukui 

functions (f +k), (f 
+

k) and dual descriptor ∆ f(r) are given in Table 7. In the present work, we 

found that Se atom in C1 is prone to nucleophilic attack as it has ∆ f(r) > 0 whereas Se in C2 

is prone for electrophilic attack as it has ∆ f(r) < 0. The such result could be related to the 

nature of the substituent. 

Table 7 
Fukui indices for nucleophilic and electrophilic sites on atoms computed form natural bond 
orbital analysis at DFT/6-311G(d.p) in 1,4-dioxane. 
 

 C1   C2 

Atom f +k f 
-
k ∆f(r)  Atom f +k f 

-
k ∆f(r) 

C 0.0512 -0.0262 0.0773  C 0.0447 -0.0172 0.0619 
C 0.0235 -0.0301 0.0535  C 0.0116 -0.0329 0.0445 
C -0.1945 -0.0721 -0.1224  C -0.1737 -0.0768 -0.0969 
H -0.0269 -0.0317 0.0048  H -0.0280 -0.0324 0.0044 
C 0.0035 -0.0764 0.0799  C 0.0065 -0.0931 0.0995 
H -0.0354 -0.0286 -0.0068  H -0.0367 -0.0289 -0.0078 
C -0.1112 -0.0666 -0.0446  C -0.1046 -0.0474 -0.0573 
C -0.2094 -0.0649 -0.1444  C -0.2024 -0.0725 -0.1299 
H -0.0276 -0.0308 0.0032  H -0.0292 -0.0315 0.0023 
N -0.1055 -0.1022 -0.0033  N 1.6273 -0.0988 1.7261 
N -0.1100 -0.1043 -0.0057  N -0.0956 -0.1039 0.0082 
Se -0.1793 -0.3139 0.1346  Se -25.5706 -0.3217 -25.2488 
C 0.0253 0.0119 0.0134  F 23.5509 -0.0428 23.5937 
H -0.0398 -0.0234 -0.0165      
H -0.0440 -0.0172 -0.0269      



H -0.0199 -0.0238 0.0039      
3.6. Electrochemical studies 

Electrochemical analysis focuses in phenomena resulting from combined electrical and 

chemical effects. In our study, we used CV as a useful technique to investigate the 

electrochemical behavior such as redox process, stability of reaction products, adsorption 

processes and the presence of intermediates in redox reactions of considered compounds. 

[37]. The influence of different groups (R = CH3, F) on the redox potential was assessed using 

CV. Fig. 5 shows the investigation of SeO2, C1 and C2 in Na2SO4 (1M)/1,4-dioxane 

electrolyte solution within potential range of -1.0 V to 1.5 V at 50 mV/s scan rate. The 

electrochemical parameters are gathered in Table 8. 

 

Fig. 5. Cyclic voltammograms of SeO2, C1 and C2 in Na2SO4/1,4-dioxane (90/10) (v/v). 

Table 8 
Electrochemical parameters obtained for SeO2, C1 and C2 at 50 mV s-1 scan rate. 
 

 Epa (V) Epc (V) 

SeO2 
1.012 0.296 

0.149 -0.652 

C1 
1.012 -0.161 

0.315 -0.870 

C2 
1.06 -0.196 

0.317 -0.863 



The comparison of the electrochemical behavior of both compounds with SeO2 shows 

that they exhibit the same anodic behavior (Epa) for the redox potential. Whereas, the cathodic 

behavior (Epc) for C1 and C2 shifts to negative values of the potential comparing to the one 

associated to SeO2 curve. The peaks at the potential 0.296 V, -0.161 V, -0.196 V and at -0.652 

V, -0.870 V, -0.863 V, respectively for SeO2, C1 and C2 are due to the reduction of Se(IV) 

[38]. The pH value of the solution was 4.53 and the SeO2 is in the form of selenious acid 

(HSeO3
-) [39]. As described in the literature, the reaction mechanism that seems be occur was 

the reduction of Se(IV) to Se(s) followed by the reduction of Se(s) to H2Se [40–42]: 

  (4) 

   (5) 

Below -1.0 V, hydrogen evolution begins. The response of the peaks occurring at 0.149, 

0.315, 0.317 V and at 1.012, 1.012, 1.06 V respectively for SeO2, C1 and C2 results from the 

oxidation of the compounds [41]. Under these observations, it is clear that the electrochemical 

oxidation of the compounds (C1 and C2) have become well separated comparing to the peak 

of SeO2 (Table 8) [43]. 

Furthermore, based on cyclic voltammograms curves (Fig. 5), we have noticed that the 

intensity in current density of C2 is lower and inhibited than the one of C1. This result could 

be explained by the electronic effect of the Fluorine atom in C2. Also, this behavior is 

observed from the computed Fukui indices (∆ f(r) of 23.59 for F atom) compared to C1 with a 

methyl moiety  

(∆ f(r) of 0.01 for CH3 group). In addition, for C2, Fluorine atom as the most electronegative 

element, its effect on selenium is clearly observed in terms of reactivity. For this reason, this 

behavior is shown in the redox process of C2 (see Fig. 5). The obtained cyclic 

voltammograms show clearly that both molecules exhibit an irreversible redox process. 

3.7. Optical and electrochemical properties 

The UV-visible absorption spectra and CV curve of studied compounds were recorded 

in order to study the optical proprieties and molecular orbital energy levels as shown in Fig. 4 

and Fig. 5. The maximal absorption wavelength (λmax) and onset wavelength (λ0) values and 



oxidation/reduction potentials determined from the onset of the cyclic voltammograms are 

reported in Table 9.  

Difference of energy levels (Eg) between the LUMO and HOMO were determined using 

the onset wavelength [44,45]: 

       (6) 

h is Plank’s constant (h= 6.626 × 10-34 J·s); c is the speed of light (3× 10 8 m/s); and λo is the 

onset wavelength (nm). 

The LUMO energy level values of the acceptors for SeO2 and the studied compounds 

(C1 and C2) relative to ferrocene/ferrocenium ( ) as an internal standard, were 

estimated using the oxidation potential onset: 

  (7) 

Whereas the values of HOMO energy level were calculated using the following equation: 

   (8) 

Table 9 
Optical and electrochemical properties SeO2, C1 and C2. 
 

Compound λ(abs)max/nm λ0/nm Eg 
(eV) 

Eox
onset 

(V) 
Ered

onset 

(V) 
ELUMO 

(eV) 
EHOMO 

(eV) 
∆E 

Theoretical/(eV) 

SeO2 245 272 4.57 0.759 -0.380 -4.470 -9.320 -- 

C1 334 378 3,29  0.796 -0.723 -4.127 -8.977 3.99 

C2 332 369 3,37  0.730 -0.767 -4.083 -8.933 4.01 
 

Table 9 summarizes the oxidation and the reduction of the onset potentials for the 

studied products. It is clear that the onset of oxidation process for the compounds C1 and C2 

is almost closer (0.796 V and 0.730 V) to each other. The same observation was observed for 



the onset of reduction (-0.723 V and -0.767 V). HOMO energy level of C1 (-8.977 eV) is 

slightly lower than the one of C2 (-8.933 eV). Hence, a functional methyl group of the C1 

compared to a Fluorine atom of C2 showed exceedingly a reduction of the bandgap values of 

3.29 and 3.37 eV, respectively. This observation is confirmed by theoretical finding (∆E 

Theoretical). As a result, this reduction is due to the electron-donating of Fluorine atom which 

increase the conjugation and delocalization in the compound [46]. These results indicate the 

chemical stability of the titled compounds. 

4. Conclusion 

This research focuses on the synthesis, computational and electrochemical behavior of 

two benzo[c][1,2,5]selenadiazole organoselenium derivatives. The structures of the studied 

products (C1 and C2) were fully characterized by FT-IR, 1H NMR, 13C NMR 19F NMR UV 

visible and Ms-EI. The single crystal analysis shows that each product crystallizes in 

monoclinic system with P2/c space group. The optimized geometrical parameters (bond 

lengths, bond angles) were theoretically calculated by DFT method and compared with the 

experimental values showing a good agreement for both components. The electronic 

transitions are also estimated by employing TD-DFT theory and compared with the 

experimental UV-Vis spectra. Fukui indices (f+k, f-k) and dual descriptor ∆ f(r) for Selenium 

atom present in both molecules indicated that this atom in C1 is prone to nucleophilic attack, 

whereas Se atom in C2 is prone to electrophilic attack. Furthermore, based on CV curves, it 

has been shown that both molecules exhibit a good solubility and reactivity with an 

irreversible electrochemical behavior. From CV and UV-Vis curves, the acquired 

experimental HOMO and LUMO energy level values along with the bandgap energy was 

found in good agreement with the theoretical findings which confirm the chemical stability of 

the titled compounds. These results are very promising for investigating the semiconducting 

properties of the studied products in the photovoltaic devices. 
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Highlight 

-Two benzo[1,2,5]selenadiazoles have been synthesized  and characterized by different 
spectroscopic techniques. 

-The structures of both components have been confirmed by single crystal X-ray analysis 

-The geometrical parameters, electronic transitions, fukui indices and redox properties the 
molecules have been interpreted  by DFT and TDDFT calculations. 

-Cyclic voltammograms show that the both compounds exhibit an irreversible redox process. 

 


