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Abstract 

Single-crystal X-ray diffraction studies are reported for phenanthro[9,10-c]-

1,2,5-thiadiazole 1,1-dioxide (I) and acenaphtho[1,2-c]-1,2,5-thiadiazole 1,1-dioxide 

(II). Ab initio molecular orbital (MO) calculations on the electronic structure, 

conformation and reactivity of I and II are also reported and compared with the X-ray 

results. A charge sensitivity analysis of the studied molecules has been performed 

by resorting to density functional theory (DFT), obtaining several sensitivity 

coefficients such as the molecular energy, net atomic charges, global and local 

hardness, global and local softness and Fukui functions. With these results and the 

analysis of the dipole moments and the total electron density maps, several 

conclusions have been inferred about the preferred sites of chemical reaction of the 

studied compounds. 

lntroduction 

Organic heterocycles are systems of growing interest in materials science in 

view of the potential technological applications in fields such as electronics, 

photonics, sensors, or corrosion protection. Several potentially conducting polymers, 
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optically nonlinear polymers and biomaterials contain heterocyclic struc- tures [1]. 

Thiadiazoles, the nitrogen containing analogs of thiophene, and their derivatives are 

the structural basis of some of these polymeric materials [2,3]. 

Computational chemistry is the quantitative modeling of chemical phenomena 

by computer imple- mented techniques [4]. Chemical calculations that can predict 

the outcome of molecular interactions and allow us to understand chemical reactivity 

are impor- tant tools in chemical research. Electron population analysis [5-7], the 

electronegativity as a measure of the tendency of a species to attract electrons [8], 

global and local hardness and softness [9-11] and Fukui functions [11] are examples 

of the parameters that characterize the behavior of atoms and molecules which 

chemists have extracted from their experience and used  for prediction of chemical 

reactivity. 

In relation with our previous studies on kinetics [12,13], UV-VIS and IR 

spectroscopies [14], electro- chemistry [15-18] and theoretical  calculations [19-22] 

of several 3,4 substituted 1,1-dioxide deriva- tives of 1,2,5-thiadiazole, we report 

here a single crystal X-ray diffraction study on the molecular struc- ture of the 

following derivatives: phenanthro[9,10-c]- 1,2,5-thiadiazole 1,1-dioxide (I) and 

acenaphtho[1,2- c]-1,2,5-thiadiazole  1,1-dioxide (II). 

2. We also report ab initio HF/6-31G** Hartree-Fock- LCAO molecular orbital (MO) 

calculations on the electronic structure, conformation and reactivity of compounds (I) 

and (II), as well as results of a charge sensitivity analysis performed by resorting to 

several concepts derived from density functional theory (DFT).  MO theoretical 

calculations and computational methods 
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The DFT [11] provides a convenient theoretical framework to calculate global 

and local indexes that quantitatively describe the inherent reactivity of chemical 

species. In particular, the Fukui and local softness functions [9,10,23] can be 

employed to deter- mine the nature of the reactive sites in a given mole- cule and, 

from this information, to infer about some aspects of the behavior of the molecule 

when reacting with other species. 

It has been shown [11] that the electronegativity X , i.e. the power of an atom 

in a molecule to attract electrons, is related to the molecular energy E and  the 

number of electrons  

The chemical  hardness  'fl  was  introduced  as [11]  (the factor 

of 1/2 in the original defi- nition has been omitted for convenience [24]). The 

hardness measures a chemical species's resistance to charge transfer,  where as  

the  electronegativity expresses its initial attraction towards  electronic  charge. Both 

quantities have been shown to be very important in the elucidation and interpretation 

of chemical   reactivity [25]. 

Using a finite difference approximation and a quad- ratic relationship 

between the energy E and the number of electrons N, both definitions are 

trans- formed into the working equations X = (I + A /2 ) and 'fl = ( I - A) , 

with I and A the ionization energy and electron affinity, respectively. 

The condensed Fukui functions, which are deter- mined by a Mulliken 

population analysis [5-7,26],  can also be employed to determine the relative 

soft- ness of each atom in the molecule. The corresponding condensed 
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( ) f  r S. 

functions are given by [27] f + = q (N  +1) - qk(N) (for  nucleophilic  attack), 

fk
0 
= qk(N) - qk(N - 1) (for electrophilic attack), and fk = [qk(N + 1) - qk(N - 1)]/2 

(for radical attack), where 

qk is the gross charge of atom k in the molecule. 

Condensed softness indices allowing the compar- ison of reactivity 

between similar atoms of different molecules can be easily calculated starting 

from the relation between the Fukui function f ( r), and the local 

softness s( r), i.e. s( r )= (ap( r)/aN)v( r)(aN/aµ,)v( r) = 

To distinguish the behavior of the different atoms in a molecule by 

employing the condensed Fukui func- tions, it is necessary to obtain the 

electronic densities of the molecule as a neutral entity as well as the 

corresponding anionic and cationic moieties. These densities may be calculated 

within the ab initio Hartree-Fock-LCAO approximation employing the 6-31G** 

basis set, while the net atomic charges of   the anion, cation and neutral 

molecule are obtained through a Mulliken population analysis. In conjunc- tion 

with the nuclear charges at the equilibrium configuration, the electronic 

distribution determines the molecular electrostatic potential [28]. This poten- tial, 

in turn, provides a guide to find the reaction sites on the molecule: positively 

(negatively) charged reagents, i.e. electrophiles (nucleophiles), tend to attack at 

places where the electrostatic potential is strongly  negative (positive). 
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Experimental 

Single crystals of compounds (I) and (II) were grown from ethanolic 

solutions and mounted on  glass fibers on an Enraf-Nonius CAD-4 X-ray diffract- 

ometer. In both cases, 25 centered reflections using least squares refinement 

gave the unit cell dimensions 

 

and the orientation matrix for data collection. Inten- sities were 

measured by the ω - 28 scan technique at a rate between 2.85-20.0° min-1 
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determined by a fast prescan of 20.0° min-1. Reflections were collected in the 

range 0 < 8 < 30 using graphite monochromated MoKC radiation. Crystal 

data, data collection details and structure refinement results for compounds (I) 

and (II) are summarized in Table  1. 

The intensity of one standard reflection selected for each compound was 

essentially constant over the duration of the experiments. Data were corrected 

by Lorentz and polarization effects but not for absorption or extinction. Scattering 

factors taken from Cromer and Waber [29] and the corresponding anomalous 

dispersion coefficients from Cromer and Ibers [30] were used in the calculations. 

These were performed with the SHELX [31] and SDP [32] systems of programs. 

The stereoscopic projections shown were drawn with the program ÜRTEP [33,55]. 

The structures were solved by standard centrosym- metric Direct Methods 

and Fourier techniques and refined by full-matrix least-squares methods with 

anisotropic thermal parameters for all non-hydrogen atoms. Most hydrogen 

atoms were located from difference Fourier maps. However, they were posi- 

tioned on stereochemical grounds and incorporated to the final molecular 

model. The positions of the hydrogen atoms in each of the two compounds 

were refined with a common isotropic temperature para- meter. In both cases, 

hydrogen positions were refined by fixing bond distances to the corresponding 

atoms at their accepted values. 

All the MO calculations were performed with the GAUSSIAN 98 series of 

programs [34]. Single determi- nantal wavefunctions of the restricted Hartree-

Fock type were used for the closed-shell system, and those of the unrestricted 
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Hartree-Fock (UHF) type were considered for the open-shell systems, with 

orbitals being the solutions of the Roothaan equations [35]. The equilibrium 

conformations of the neutral mole- cules were calculated by the gradient 

method.  

Relevant bond distances and angles for compounds (I) and (II) are in 

Tables 2 and 3 and ÜRTEP drawings of these molecules showing the labeling of 

the atoms and their vibrational ellipsoids are in Figs. 1 and 2. 

The structural details in Tables 2 and 3 allow comparisons among these 

compounds and with reported studies of related compounds, such as 

thiadiazines [36-40], thiadiazole 1,1-dioxides [22], a thiadiazoline 1,1 dioxide [41] 

and a thiadiazole 1- monoxide [42] and suggest relations with their experi- 

mental  chemical behavior. 

From Tables 2 and 3 we can conclude for both compounds: 

• S=O double bond length values vary from 1.413(3) to 1.426(2) Å, 

i.e. in about 2σ (where  is the standard error) around 

their mean value [=1.419(5) Å]. 

• S–N single bond lengths vary from 1.681(2) to 1.704(3) Å, i.e. in 

about  around the mean value [=1.691(1) Å]. 

• C=N double bond lengths vary from 1.270(4) to 1.287(3) Å, i.e. in 

about  around the mean value [=1.279(7) Å]. 

• C(1)–C(2) single bond lengths of compounds I and II are practically 

equal to within experimental error  

• C(1)–C(3) and C(2)–C(9) single bond lengths vary from 1.437(3) to 



https://cimav.repositorioinstitucional 
 

8 
 

1.464(4) Å, i.e. within  around the mean value 

[=1.45(1) Å]. 

• C–C resonant bond lengths in the 6-membered rings vary from 

1.360(5) to 1.421(4) Å, i.e. within  around the mean 

value [=1.39(2) Å]. 

 

Table 2.
        Interatomic bond distances (Å) and bond angles (°) for phenanthro[9<comma>10    

Bond distance Bond angle
Exp.a HFb Exp.a HFb

S–O(1) 1.426(2) 1.418 O(1)–S–O(2) 119.1(1) 120.8
S–O(2) 1.419(2) 1.418 O(1)–S–N(1) 109.7(1) 109.1
S–N(1) 1.681(2) 1.684 O(1)–S–N(2) 108.6(1) 109.1
S–N(2) 1.686(2) 1.684 O(2)–S–N(1) 109.3(1) 109.1
N(1)–C(1) 1.283(3) 1.259 O(2)–S–N(2) 109.0(1) 109.1
N(2)–C(2) 1.287(3) 1.259 N(1)–S–N(2) 99.3(1) 97
C(1)–C(2) 1.508(3) 1.51 S–N(1)–C(1) 106.0(1) 107.8
C(1)–C(3) 1.451(3) 1.459 S–N(2)–C(2) 106.1(2) 107.8
C(2)–C(9) 1.437(3) 1.459 N(1)–C(1)–C(2114.6(2) 113.7
C(3)–C(4) 1.394(3) 1.391 N(1)–C(1)–C(3125.3(2) 126.6
C(3)–C(8) 1.407(3) 1.402 C(2)–C(1)–C(3120.0(2) 119.7
C(4)–C(5) 1.377(3) 1.374 N(2)–C(2)–C(1114.0(2) 113.7
C(5)–C(6) 1.382(4) 1.387 N(2)–C(2)–C(9126.0(2) 126.6
C(6)–C(7) 1.378(3) 1.382 C(1)–C(2)–C(9120.0(2) 119.7
C(7)–C(8) 1.398(3) 1.394 C(1)–C(3)–C(4120.0(2) 119.5
C(8)–C(10) 1.485(3) 1.499 C(1)–C(3)–C(8118.6(2) 119
C(9)–C(10) 1.418(3) 1.421 C(4)–C(3)–C(8121.3(2) 121.5
C(9)–C(14) 1.397(3) 1.391 C(3)–C(4)–C(5120.0(2) 120.2
C(10)–C(11) 1.393(3) 1.394 C(8)–C(10)–C(121.2(2) 121.3
C(11)–C(12) 1.387(4) 1.382 C(9)–C(10)–C(117.0(2) 117.1
C(12)–C(13) 1.381(4) 1.387 C(8)–C(10)–C(121.8(2) 121.6
C(13)–C(14) 1.380(3) 1.377 C(3)–C(8)–C(7117.1(2) 117.1
C–H – 1.074 C(7)–C(8)–C(1121.5(2) 121.6

C(2)–C(9)–C(1118.8(2) 119
C(2)–C(9)–C(1120.3(2) 119.5
C(10)–C(9)–C(120.8(2) 121.5  

Although not shown in the tables, an analysis of the torsional angles reveals that 
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the heterocycle rings of compounds (I) and (II) are planar to within experi- 

mental accuracy. As already found in the related six-membered heterocyclic 

compounds 1,2,6-thiadia- zine 1,1-dioxides [36-40] and 1,2,5-thiadiazole 1,1- 

dioxides [22], the geometry around the S atom corre- sponds to a distorted 

tetrahedron, with the O-S-O angle larger than the other bond angles around S. 

Compound I. Both phenyl rings of the Phenanthromoiety are practically 

planar with maximum devia- tion from the corresponding mean planes of about 

three times the standard error. These planes are coplanar with each other and 

with the heterocycle  ring within a few standard deviations of dihedral angles. 

Compound II. The complete molecular skeleton is practically planar with 

deviations from mean plane of less than seven standard errors. 
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Table 3.
        Interatomic bond distances (Å) and bond angles (°) for acenaphtho[1<comma>2-  

Bond distance Bond angle
Exp.a HFb Exp.a HFb

S–O(1) 1.413(3) 1.417 O(1)–S–O(2) 118.9(1) 120.9
S–O(2) 1.420(2) 1.417 O(1)–S–N(1) 108.7(1) 108.9
S–N(1) 1.697(2) 1.705 O(1)–S–N(2) 109.8(1) 108.9
S–N(2) 1.704(3) 1.705 O(2)–S–N(1) 108.8(1) 108.9
N(1)–C(1) 1.270(4) 1.252 O(2)–S–N(2) 109.0(1) 108.9
N(2)–C(2) 1.278(3) 1.252 N(1)–S–N(2) 100.0(1) 97.9
C(1)–C(2) 1.515(4) 1.519 S–N(1)–C(1) 104.6(2) 106.2
C(1)–C(3) 1.464(4) 1.465 S–N(2)–C(2) 104.7(2) 106.2
C(2)–C(9) 1.455(4) 1.465 N(1)–C(1)–C(2115.9(2) 114.9
C(3)–C(4) 1.362(4) 1.36 N(1)–C(1)–C(3136.9(2) 137.8
C(3)–C(8) 1.413(4) 1.419 C(2)–C(1)–C(3107.2(2) 107.4
C(4)–C(5) 1.406(4) 1.419 N(2)–C(2)–C(1114.8(2) 114.9
C(5)–C(6) 1.360(5) 1.367 N(2)–C(2)–C(9137.4(3) 137.8
C(6)–C(7) 1.421(4) 1.421 C(1)–C(2)–C(9107.8(2) 107.3
C(7)–C(8) 1.397(4) 1.389 C(1)–C(3)–C(4134.9(2) 134.7
C(7)–C(12) 1.412(4) 1.421 C(1)–C(3)–C(8104.9(2) 105.3
C(8)–C(9) 1.417(4) 1.419 C(4)–C(3)–C(8120.2(2) 120
C(9)–C(10) 1.374(4) 1.36 C(3)–C(4)–C(5118.2(3) 118.2
C(10)–C(11) 1.399(4) 1.419 C(8)–C(9)–C(1119.4(2) 120
C(11)–C(12) 1.368(5) 1.367 C(2)–C(9)–C(1135.8(2) 134.7
C–H – 1.075 C(6)–C(7)–C(8115.8(3) 116.4

C(2)–C(9)–C(8104.8(2) 105.3
C(8)–C(7)–C(1116.7(3) 116.4
C(3)–C(8)–C(7122.4(2) 122.6
C(3)–C(8)–C(9115.4(2) 114.7
C(7)–C(8)–C(9122.2(3) 122.6  

Theoretical calculations 

The results for the equilibrium conformation of the neutral molecules (I) 

and (II) (HF/LCAO with 6- 31G** basis set) are included in Tables 2  and  3  along 

with the experimental X-ray results. The agree- ment is in general good for these 

ab initio calculations  (the standard error of the differences between the 

experimental and the calculated bond lengths is ca. 4×10−3 for all methods. The 
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corresponding value for the bond angles is 0.3°. 

The molecular dipole moment is perhaps the simplest experimental 

measure of charge density in a molecule. The accuracy of the overall distribution 

of electrons in a molecule is hard to quantify, since it involves all of the multipole 

moments. The result of this calculation for compounds (I) and (II) are shown 

in Table 4. The small difference in the total values is an indication that the 

atomic distribution in the phenanthro and acenaphtho moieties has little effect on 

the overall dipole moment. he HOMO–LUMO gap has been considered a 

measure of aromaticity [43]. The HOMO–LUMO gap is, in turn, related to 

chemical hardness [44]. The energy gap between valence and conduction band 

of a polymer is related to the lowest excitation energy of its monomer units [45]. 

To design low band gap polymers it is convenient to start with monomer units 

with small HOMO–LUMO gaps [45], that is, with low hardness η (or great 

softness S). Electronegativities and hardnesses have been calculated using a 

finite difference approximation, that is, χ=1/2 (I+A) and η=(I−A) 

where I=E(N+1)−E(N) is the ionization potential and A=E(N)−E(N−1) is the 

electron affinity of the system, E(N), E(N+1) and E(N−1) being the energies of 

the neutral, anionic and cationic systems, respectively. Total molecular energies, 

total electronegativities and chemical hardnesses for the molecules under study 

are presented in Table 4. 

The condensed Fukui functions can be applied, as it has been shown in 

previous work, [19]; [20]; [21] ;  [22] to the study of the behavior of substances 

under nucleophilic or electrophilic attack. Fig. 3 ;  Fig. 4display a planar 

http://www.sciencedirect.com/science/article/pii/S002228600000870X#TBL4
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB43
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB44
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB45
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB45
http://www.sciencedirect.com/science/article/pii/S002228600000870X#TBL4
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB19
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB20
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB21
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB22
http://www.sciencedirect.com/science/article/pii/S002228600000870X#FIG3
http://www.sciencedirect.com/science/article/pii/S002228600000870X#FIG4
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representation of the calculated electron densities of (I) and (II). These figures 

show that the electrophilic attack would occur preferentially at the nitrogens and 

nucleophilic attack at the heterocyclic ring carbons. 
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Table 4.
        Total energies E (a.u.)<comma> dipole moments μ (debye)<comm                
Compound E μ χ η
I −1190.892777 10.5507 4.26 6.7
II −1113.966887 11.0207 4.002 7.802  

These reactive sites can also be identified by an analysis based on 

frontier orbitals [11,46]. Tables 5 and 6 show the net atomic charges of the 

neutral molecules for (I) and (II), respectively, by a Mulliken population analysis, 

together with the f +, f - and f 0 Fukui functions. The site for electrophilic attack 

will be those atoms bearing a negative charge and where 
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Table 5.
        Net atomic charges and Fukui functions of phenanthro[9<comma>    
Atom q f+ f− f0
O(1) −0.610 0.056 0.039 0.048
O(2) −0.610 0.056 0.039 0.048
S 1.619 0.037 0.015 0.026
N(1) −0.646 0.102 0.064 0.083
N(2) −0.646 0.102 0.064 0.083
C(1) 0.294 0.078 −0.017 0.031
C(2) 0.294 0.078 −0.017 0.031
C(3) −0.057 −0.026 0.052 0.013
C(4) −0.083 0.035 0.005 0.02
C(5) −0.163 −0.003 0.053 0.025
C(6) −0.131 0.04 −0.003 0.019
C(7) −0.155 −0.008 0.041 0.017
C(8) 0.01 0.029 0.04 0.034
C(9) −0.057 −0.026 0.051 0.013
C(10) 0.01 0.029 0.04 0.034
C(11) −0.155 −0.008 0.041 0.017
C(12) −0.131 0.04 −0.003 0.019
C(13) −0.163 −0.003 0.055 0.025
C(14) −0.083 0.035 0.04 0.02
H(4) 0.216 0.032 0.045 0.038
H(5) 0.175 0.05 0.064 0.057
H(6) 0.173 0.057 0.057 0.057
H(7) 0.168 0.038 0.052 0.045
H(11) 0.168 0.038 0.052 0.045
H(12) 0.173 0.057 0.057 0.057
H(13) 0.175 0.051 0.064 0.057
H(14) 0.216 0.032 0.045 0.038  

Table 5 

Net atomic charges and Fukui functions of phenanthro[9,10-c] 1,2,5-

thiadiazole  1,1-dioxide (I) 
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Table 6.
        Net atomic charges and Fukui functions of acetonaphto[1<comma  
Atom q f+ f− f0
O(1) −0.609 0.043 0.041 0.042
O(2) −0.609 0.043 0.041 0.042
S 1.613 0.024 0.014 0.019
N(1) −0.639 0.075 0.073 0.074
N(2) −0.639 0.075 0.073 0.074
C(1) 0.29 −0.003 −0.011 −0.007
C(2) 0.29 −0.003 −0.011 −0.007
C(3) 0.055 0.104 0.068 0.086
C(4) −0.105 0.046 0.039 0.042
C(5) −0.168 0.004 0.025 0.014
C(6) −0.107 0.051 0.09 0.07
C(7) 0.002 −0.023 −0.050 −0.037
C(8) −0.168 −0.062 −0.022 −0.042
C(9) 0.055 0.104 0.068 0.086
C(10) −0.105 0.046 0.039 0.042
C(11) −0.168 0.004 0.025 0.014
C(12) −0.107 0.051 0.09 0.07
H(4) 0.207 0.071 0.061 0.066
H(5) 0.175 0.072 0.071 0.071
H(6) 0.178 0.068 0.072 0.07
H(10) 0.207 0.071 0.061 0.066
H(11) 0.175 0.072 0.071 0.071
H(12) 0.178 0.068 0.072 0.07  

Table 6 

Net atomic charges and Fukui functions of acetonaphto[1,2-c]- 1,2,5-

thiadiazole 1,1-dioxide(II) 
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Fig. 3. HF/6-31G** electron density of phenanthro[9,10-c]-1,2,5- thiadiazole 1,1-

dioxide (I) on the molecular  plane. 

the Fukui function f - is a maximum. These values confirm that for both 

compounds, the sites for the electrophilic attack are the nitrogen atoms. The site 

for potential nucleophilic attack would depend on the values of f + on the atoms 

with a positive charge density. Although the net positive charge on the sulfur 

atom is larger than that on the heterocyclic carbons, the values of f + on these 

atoms are much larger than the corresponding value on the sulfur atom. 
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However, while in compound (I), carbons C(1) and C(2) will be the site for 

nucleophilic attack, a different situation will happen in compound (II), where 

carbons C(1) and C(2) will not be reactive sites, and the nucleo- philic attack will 

take place at carbons C(3) and C(9). As for radical reactions, the nitrogen atoms 

in compound (I) will be the most prone to be attacked. An inverse situation is 

found for compound (II) where the carbon atoms C(3) and C(9) are the most 

reactive sites. 

The condensed local softness indices s + and s- are 

 

Fig. 4.  
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HF/6-31G∗∗ electron density of acenaphtho[1,2-c]-1,2,5-thiadiazole 1,1-

dioxide (II) on the molecular plane.related to the condensed Fukui functions 

through the global softness S. They are easily calculated by mean of the values 

of 0.1493 eV (phenanthro[9,10-c]-1,2,5- thiadiazole 1,1-dioxide (I)) and 0.1282 

eV (acenaphtho[1,2-c]-1,2,5-thiadiazole 1,1-dioxide (II)) for the global softnesses 

S of the molecules. As it has been remarked,  [47-49], it is obvious that 

both  and  may be used in the study of intramolecular reactivity 

sequences for finding reactive sites in a molecule, but only  which contains 

in its definition the information of global softness S, can be used for the 

comparison of the reactivity of different molecules with respect to a common 

reaction partner. This is a consequence of the local Hard and Soft Acids and 

Bases (HSAB) principle, which was originally proposed by Parr and 

Yang[11] and analytically proved by Gázquez and Méndez [50]. This idea has 

been extensively exploited in the past for the study of the nucleophilic addition to 

α,β-unsaturated compounds [51], in the interpretation of the effect of alkyl 

substitution on the basicity of amines [52] ;  [53], as a measure of the acidity of 

substituted acetic acids [54], as reactivity indices for predicting reactivity 

sequences of carbonyl compounds toward nucleophilic attack [48] and for 

studying the site of protonation of substituted anilines [49]. As was previously 

shown, the carbon atoms of the molecules considered in the present work are 

the active sites for nucleophilic reactions. The values of the condensed softness 

function sk− above the reactive nitrogen atoms are 0.01522 eV for (I) and 

0.00961 eV for (II). Thus, the nitrogen atoms of (I) will be more reactive than the 

http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB11
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB50
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB51
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB52
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB53
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB54
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB48
http://www.sciencedirect.com/science/article/pii/S002228600000870X#BIB49
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nitrogen atoms of (II) in a electrophilic reaction. 

.Conclusions 

In this work, single-crystal X-ray diffraction studies have been reported for 

phenanthro[9,10-c]-1,2,5-thiadiazole 1,1-dioxide (I) and acenaphtho[1,2-c]-1,2,5-

thiadiazole 1,1-dioxide (II) molecules. We have also shown calculations on both 

molecules performed using Hartree–Fock method at the 6-31G∗∗ basis set level. 

Molecular structures are well predicted in good agreement with crystallographic 

results, especially when it is considered that the ab initio results correspond to 

gas phase calculations. 

(I) and (II) have been studied as model compounds useful as building 

blocks of polymeric materials with potentially conducting behavior. The dipole 

moment as a measure of the distribution of charge density has been evaluated. 

These results together with the analysis of electron density plots are allowed to 

characterize the different reactive sites within the molecules. Total energies as a 

measure of stability, and an evaluation of electronegativities and chemical 

hardnesses as an indication of aromaticity and as a measure of the HOMO–

LUMO gap useful for the design of low band gap polymers had been 

accomplished. The analysis of DFT reactivity indices, like condensed Fukui 

functions and condensed local softnesses allowed to characterize the carbon 

atoms as the active sites for nucleophilic and the nitrogen atoms as the active 

sites for electrophilic attacks in perfect agreement with the experimental 

evidence. 

Atomic charges alone cannot explain adequately the behavior and 
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chemical reactivity of these molecules. The analysis of the electronic densities 

and the molecular electrostatic potentials show contradicting results sometimes. 

On the contrary, the relative densities of the frontier orbitals and its relationships 

and the condensed Fukui functions have proved to be valuable tools to 

rationalize those concepts and to confirm the known experimental results. These 

last indices have shown to be the most useful and consequently the most 

laudable criteria for predicting chemical reactivity. 

Supplementary material 

Fractional coordinates and equivalent isotropic temperature 

parameters [55] for the non-H atoms in compounds (I) and (II) are given in 

Tables 7 and 8, and can be obtained from the authors on request. A list of 

atomic anisotropic thermal parameters (Table 9), of hydrogen atoms positions 

(Table 10), and listings of observed and calculated structure factor amplitudes 

(Table 11) can also be obtained from the authors on request. 
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