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ABSTRACT 

 

The standard (pº = 0.1 MPa) molar enthalpies of formation, at T = 298.15 K, in the 

gaseous phase, for two nitrobenzofurazan derivatives, 4-N,N-dimethylamino-7-

nitrobenzofurazan (DMANBF) and 4-N,N-Diethylamino-7-nitrobenzofurazan 

(DEANBF), were derived from their enthalpies of combustion and sublimation, 

obtained by static bomb calorimetry and by the Knudsen effusion technique, 

respectively. The results are compared with the corresponding data calculated by the 

G3(MP2)//B3LYP approach. Computationally, the molecular structures of both 

compounds were established and the geometrical parameters were determined at the 

B3LYP/6-31G(d) level of theory. 
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1. Introduction 

 

During the last two decades, our Research Group has been involved in a systematic 

study of the dissociation enthalpy of terminal N–O bonds in heterocyclic compounds [1-

12]. These studies are a contribution to the understanding of the chemical behavior of 

those organic compounds, particularly as oxidizing agents, enabling the ordering of 

them on a reactivity scale [1]. Several classes of compounds with N–O terminal bonds 

have been studied, with particular attention devoted to quinoxaline N,N-dioxides [2-7], 

pyrazine N,N-dioxides [1,8,9], phenazine N,N-dioxides [10], benzofurazan N-oxides [1], 

pyridine N-oxides [11] and dipyridil N-oxides [12]. We have extended recently these 

studies to 4-nitro-2,1,3-benzothiadiazoles [13] and Miranda et al. also have published 

studies on the structure, energetics and aromaticity of 2,1,3-benzothiadiazole [14,15]. In 

this context, we report herein a new contribution for the energetic characterization of 

two nitrobenzofurazan derivatives, namely 4-N,N-dimethylamino-7-nitrobenzofurazan 

(DMANBF) and 4-N,N-diethylamino-7-nitrobenzofurazan (DEANBF), whose structural 

formula are represented in figure 1. 

 

N

O

N

NO2

N

CnH2n+1H2n+1Cn  

FIGURE 1. Structural formula of 4-N,N-dimethylamino-7-

nitrobenzofurazan (DMANBF, n=1) and of 4-N,N-diethylamino-7-

nitrobenzofurazan (DEANBF, n=2). 

 

The enthalpies of formation of these two crystalline compounds and their enthalpies 

of sublimation, at T = 298.15 K, have been derived from static bomb calorimetry and 

from Knudsen effusion method, respectively. From these results, the standard (pº = 0.1 

MPa) molar enthalpies of formation, in the gaseous phase, at T=298.15 K, were derived, 

and were compared with estimated data, calculated by the G3(MP2)//B3LYP approach. 
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Computationally, the molecular structures of both compounds were established and the 

geometrical parameters were determined at the B3LYP/6-31G(d) level of theory. 

 

2. Experimental 

 

2.1. Synthesis and characterization of compounds 

 

4-N,N-Dimethylamino-7-nitrobenzofurazan (DMANBF; CAS 1455-87-4) was 

prepared by a published literature method [16,17]. The synthetic procedure involved 

treating an ethanolic solution of 4-chloro-7-nitrobenzofurazan with aqueous 

dimethylamine (40 % by mass). The crude product was collected by filtration under 

reduced pressure, and was further purified by two crystallizations from propanone.       

4-N,N-Diethylamino-7-nitrobenzofurazan (DEANBF; CAS 74392-01-1) was prepared 

in similar fashion using an aqueous diethylamine solution.   

Elemental analysis were in agreement with expected values.  The compositions in 

mass fractions w of C, H, and N are presented in Table 1. 

 

Table 1 

Synthesis details and analysis details of the samples studied 

Chemical Name CAS No. Synthetic 

Procedure 

Reference 

Elemental Analysis 

4-N,N-Dimethylamino-7-

nitrobenzofurazan 

1455-87-4 [16,17] found: w(C), 0.4623; w(H), 0.0391; 

w(N), 0.2684; calculated: w(C), 

0.4616; w(H), 0.0387; w(N), 0.2691 

4-N,N-Diethylamino-7-

nitrobenzofurazan 

74392-01-1 [16,17] found: w(C), 0.5079; w(H), 0.0519; 

w(N), 0.2370; calculated: w(C), 

0.5084; w(H), 0.0512; w(N), 0.2372 

 

Both compounds were submitted to further purification before their thermochemical 

studies, being recrystallized from water-ethanol mixture (1:1). The final purity of the 

compounds was confirmed recovering the carbon dioxide produced in the combustion 

experiments. The compound 4-N,N-dimethylamino-7-nitrobenzofurazan absorbed a 

small amount of moisture, as shown by the CO2 average ratio value, lower than 0.999 

mass fraction. The presence of water was confirmed by FT-IR studies (spectrum BX 

FT-IR, Perkin-Elmer spectrometer). The average ratios of the mass of carbon dioxide 

recovered after combustion experiments to that calculated from the mass of sample for 

4-N,N-diethylamino-7-nitrobenzofurazan was (0.9990 ± 0.0006) (value in mass 

fraction).  
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2.2. Combustion calorimetry 

 

The standard (pº = 0.1 MPa) massic energies of combustion for the two compounds 

were measured using a static-bomb combustion calorimeter, originally constructed at 

the National Physical Laboratory (Teddington, Middlesex, UK) [18]. This is an 

isoperibol calorimeter equipped with a twin valve bomb (internal volume: 0.290 dm3) 

whose detailed description and procedure is reported in literature [19]. The calorimetric 

system was calibrated using benzoic acid (BAS-CRM 190p) having a massic energy of 

combustion, under standard bomb conditions, of .gJ )7.38.26431( 1  The calibration 

experiments were made in an oxygen atmosphere at p = 3.04 MPa, with 1.00 cm3 of 

deionized water added to the bomb, leading to an energy equivalent value for the 

calorimeter of 1

cal KJ )6.03.15543(  , where the uncertainty quoted is the standard 

deviation of the mean. The calibration results were corrected to an energy equivalent, 

ɛcal, corresponding to an average mass of water added to the calorimeter of 2900.0 g.  

The samples of the compounds, in the pellet form, were ignited at T = 298.15 K, in 

an oxygen atmosphere (p = 3.04 MPa), with 1.00 cm3 of deionized water added to the 

bomb. n-hexadecane (Aldrich, Gold Label), with a massic energy of combustion of

1

c gJ )6.33.47164(  u , was used as auxiliary of combustion to end the 

incomplete combustions and to produce an appropriate temperature rise. For the cotton 

thread fuse (empirical formula CH1.686O0.843), 
1

c gJ 16240  u
 
[20]. The values of 

the massic energies of combustion of n-hexadecane and of cotton have been previously 

confirmed by combustion in our laboratory. 

The electric energy for ignition was determined from the change in potential 

difference on discharge of a 1400 F condenser across a platinum wire. The corrections 

for nitric acid formation were based on 1molkJ 7.59   [21], for the molar energy of 

formation of 3dmmol .10  HNO3 (aq) solution from N2 (g), O2 (g) and H2O (l). The 

value for the pressure coefficient of specific energy 
11

T MPagJ 2.0)/(   pu  at T 

= 298.15 K, a typical value for organic compounds, was assumed [22]. The amount of 

the compound burnt in each experiment was determined from the total mass of carbon 

dioxide produced, taking into account that formed from the combustion of the cotton 

thread fuse and from n-hexadecane. For these compounds, the standard massic energy 
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of combustion, ∆cu
º, was calculated by a similar procedure to that developed by 

Hubbard et al. [23]. 

 

 

2.3. Enthalpies of sublimation using a quartz crystal deposition system 

 

The standard enthalpy of sublimation of the two compounds were derived by the 

Knudsen effusion method, using the quartz microbalance previously described [24,25]. 

The equipment was tested with several compounds of known standard molar enthalpies 

of sublimation (benzanthrone, squaric acid, and 4-hydroxy-2-methylquinoline) and good 

agreement was obtained [25,26]. The vapour effusing from the Knudsen cell was allowed 

to condense on a quartz crystal positioned above the effusion hole. For small masses, 

changes in the frequency of oscillation of the quartz crystal, f, were proportional to the 

mass condensed in its surface [27], f = Cf m, where Cf is a proportionally constant. 

The vapour pressure can be derived using the Knudsen formula 

 

p = (m/t) a1 (2RT/M)1/2            (1) 

 

where (m/t) is the rate of mass loss, a is the effective hole area, and M is the molar 

mass of the effusing vapour. As the measured rate of change of frequency of oscillation 

with time  = f/t is directly proportional to the rate of sublimation of the crystalline 

sample [27],  = Cf m/t and 

 
1/2 1/2

f

(2 / )T R M
p

a C

   



             (2) 

 

The enthalpy of sublimation, g o

cr mΔ H , may be derived from the slope of ln( T1/2) 

against T 
1 by applying the integrated form of the Clausius-Clapeyron equation. From 

at least five independent sets of experimental measurements of the frequency of the 

quartz oscillator at convenient temperature intervals, it was possible to obtain five 

independent results for the enthalpy of sublimation of the compound, each one referred 

to the mean of the temperature range used. 

 

 

3. Computational thermochemistry 
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The standard ab initio molecular orbital calculations for the 4-N,N-dimethylamino-

7-nitrobenzofurazan and 4-N,N-diethylamino-7-nitrobenzofurazan were performed with 

Gaussian 03 computer code [28], and the composite G3(MP2)//B3LYP approach was 

the methodology employed [29]. In this method, the geometry full-optimization and 

calculation of the frequencies of the molecule are done through the hybrid B3LYP 

method together with the split-valence polarized 6-31G(d) basis set. The zero-point 

energies (ZPEs) are obtained from B3LYP/6-31G(d) calculations, with a scale factor of 

0.96. Then, single-point calculations are carried out at higher levels of electronic 

structure theory: quadratic configuration interaction (QCISD(T)) and the 2nd-order 

Moller-Plesset (MP2) with, respectively, the 6-31G(d) and GTMP2Large basis set.  

The absolute enthalpies, at T = 298.15 K, were obtained by adding the energies 

computed at T = 0 K with the vibrational, translational, rotational and the pV terms 

computed at the B3LYP/6-31G(d) level of theory. These enthalpies, at T = 298.15 K, 

were then used to estimate the enthalpy of formation of the compounds studied 

experimentally, by combining the enthalpy of the gas-phase working reactions (3)-(7) 

(for 4-N,N-dimethylamino-7-nitrobenzofurazan, n=1 and for 4-N,N-diethylamino-7-

nitrobenzofurazan, n=2) and the experimental enthalpies of formation of the molecules 

there involved.  

 

N

O

N

NO2

N

CnH2n+1H2n+1Cn

+

N

O

N

N

O2N
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+
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N

O

N

N N

NO2

 

(7) 

 

 

4. Results and discussion 
 

4.1. Experimental condensed phase and phase transition  

 

Results of a typical experiment for each compound are presented in table 2; 

∆m(H2O) is the deviation of the mass of water added to the calorimeter from 2900.0 g; 

∆U is the energy correction to the standard state; ∆U(IBP) is the internal energy for the 

isothermal bomb process calculated according to equation (8). The remaining terms 

have been previously described [23]. 

 

  )ign(  O)(Hl) O,H(  IBP)( adf22cal UTmCU p                                (8) 

 

TABLE 2 

Typical combustion experiments at T = 298.15 K 

 DMANBF DEANBF 

m(CO2, total) / g 1.74819 1.63728 

m(cpd)/g 0.63972 0.44253 

m(fuse)/g 0.00428 0.00454 

m(n-hex.)/g 0.21203 0.25903 

∆Tad /K 1.53495 1.49094 

f /JK-1 16.14 16.73 

∆m(H2O)/g 0.0 -3.2 

−∆U(IPB)/J 23881.78 23179.10 

∆U(HNO3)/J 75.84 41.43 

∆U(ign)/J 1.19 1.16 

∆U /J 15.46 11.62 

∆U(fuse)/J 69.51 73.73 

∆U(n-hex.)/J 10000.37 12217.01 

−∆cuº /Jg-1 21447.82 24482.29 
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m(CO2, total) is the total mass of CO2 recovered in the experiment; m(cpd) is the mass of 

compound burnt in each experiment; m(fuse) is the mass of fuse (cotton) used in each experiment; 

m(n-hex.) is the mass of n-hexadecane burnt in the experiment; ∆Tad is the corrected temperature 

rise; f is the energy equivalent of contents in the final state; ∆m(H2O) is the deviation of the mass 

of water added to the calorimeter from 2900.0 g; ∆U(IBP) is the energy change for the isothermal 

combustion reaction under actual bomb conditions and includes ∆U(ign); ∆U(HNO3) is the energy 

correction for the nitric acid formation; ∆U(ign) is the electrical energy for ignition; ∆U is the 

standard state correction; ∆U(fuse) is the energy of combustion of the fuse (cotton); ∆U(n-hex.) is 

the energy of combustion of n-hexadecane; ∆cuº is the standard massic energy of combustion. 

 

The standard massic energies of combustion, ∆cu
º, for 4-N,N-dimethylamino-7-

nitrobenzofurazan and 4-N,N-diethylamino-7-nitrobenzofurazan, refer to the 

combustion reactions (9) and (10), respectively. 

 

C8H8N4O3 (cr) + 17/2 O2 (g)  8 CO2 (g) + 4 H2O (l) + 2 N2 (g)                     (9) 

 

C10H12N4O3 (cr) + 23/2 O2 (g)  10 CO2 (g) + 6 H2O (l) + 2 N2 (g)           (10) 

 
Detailed results of each combustion experiment, for 4-N,N-dimethylamino-7-

nitrobenzofurazan and 4-N,N-diethylamino-7-nitrobenzofurazan, are presented in tables 

S1 and S2, respectively, of the supplementary information. 

The results of all combustion experiments, with the mean values, <∆cu
º>, and their 

standard deviation, are given in table 3. The derived standard molar energies, cr)(º

mcU , 

and enthalpies of combustion, cr)(º

mcH , and the standard molar enthalpies of 

formation, in the liquid phase, cr),(º

mf H  for each compound, at T = 298.15 K, are given 

in table 4. The uncertainties associated to the standard molar energy and enthalpy of 

combustion are twice the overall standard deviation of the mean and include the 

uncertainties in calibration with benzoic acid and in the energy of combustion of n-

hexadecane, used as combustion auxiliary [30,31]. To derive (cr)º

mf H  from (cr)º

mcH , 

the standard molar enthalpies of formation, at T = 298.15 K, were used for H2O(l), 

1molkJ )040.0830.285(  [32] and CO2(g), 
1molkJ )13.051.393(  [32]. 

 
TABLE 3 

Individual values of the standard (pº = 0.1 MPa) massic energy of 

combustion, of the compounds, at T = 298.15 K 
DMANBF DEANBF 

−∆cuº / Jg-1 

21447.82 

21461.38 

21467.58 

21445.63 

24448.25 

24502.57 

24455.44 

24504.20 
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21466.82 

21412.13 

21417.01 

21456.91 

21453.74 

21412.33 

24482.29 

24488.67 

24516.09 

−<∆cuº> / Jg-1 

21444.14 ± 7.00 24485.36 ± 9.62 
 

 

 

TABLE 4 

Standard (pº = 0.1 MPa) molar energies of combustion, º
mcU , standard molar enthalpies of 

combustion, º
mcH , and standard molar enthalpies of formation, º

mf H , for the compounds 

studied at T = 298.15 K. 

Compound )molkJ (  / (cr) 1º

mc

 U  )mol(kJ  /  (cr) 1º

mc

 H  )mol(kJ  /  (cr) 1º

mf

 H  

DMANBF 4464.1 ± 3.1 4460.4 ± 3.1 169.0 ± 3.3 

DEANBF 5784.1 ± 4.7 5782.9 ± 4.7 132.8 ± 4.9 

 

 

The results of the sublimation experiments are summarized in tables 5 and 6, where 

the mean temperature of the experimental range T, the standard molar enthalpy of 

sublimation at T, g o

cr mΔ H  (T), as well as the corresponding parameters a and b of 

the Clausius-Clapeyron equation, obtained using a least square fitting of the 

experimental data, are given. Each value of g o

cr mΔ H  (T) was corrected to T = 298.15 K 

using 
g o

cr ,mΔ pC = 50 J.K1.mol1 [24], to yield the value of the standard molar enthalpy 

of sublimation at T = 298.15 K. The uncertainties assigned are twice the overall 

standard deviation of the mean. 

 

TABLE 5 
Values of enthalpies of sublimation of 4-N,N-dimethylamino-7-nitrobenzofurazan obtained for different 

temperature ranges; a and b are from the Clausius-Clapeyron equation, ln (T1/2 / s-2K1/2) = a – b . (K / 

T), with b = 
g o

cr mH (<T>) / R; R = 8.3145 J.K-1.mol-1 

Series <T> / K a B 
g o

cr m

-1

( )

kJ mol

H T  


 

g o

cr m

-1

( 298.15K)

kJ mol

H T 


  

A 388.8 40.17  0.63 15342  244 127.56 132.1 

B 388.8 40.35  1.18 15212  460 126.48 131.0 

C 383.8 40.61  0.37 15442  144 128.39 132.7 

D 387.7 40.76  0.25 15613  97 129.81 134.3 
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E 395.2 42.54  1.56 16337  615 135.83 140.7 

< g o

cr mH  (T = 298.15 K)> = (134.2  3.4) kJ.mol-1 

 
 
TABLE 6 

Values of enthalpies of sublimation of 4-N,N-diethylamino-7-nitrobenzofurazan obtained for different 

temperature ranges; a and b are from the Clausius-Clapeyron equation, ln (T1/2 / s-2K1/2) = a – b . (K / 

T), with b = 
g o

cr mH (<T>) / R; R = 8.3145 J.K-1.mol-1 

Series <T> / K a B 
g o

cr m

-1

( )

kJ mol

H T  


 

g o

cr m

-1

( 298.15K)

kJ mol

H T 


  

A 367.7 45.12  0.40 16379  147 136.18 139.7 

B 367.7 44.11  0.40 16014  145 133.15 136.6 

C 370.2 45.66  0.43 16546  157 137.57 141.1 

D 370.2 44.62  0.51 16163  190 134.39 138.0 

E 371.2 45.35  0.32 16443  120 136.72 140.4 

< g o

cr mH  (T = 298.15 K)> = (139.2  1.6) kJ.mol-1 

 
 

 The derived standard molar enthalpies of formation, in both condensed and gaseous 

phases, at T = 298.15 K, are summarized in table 7. 

 

TABLE 7  

Derived standard (pº = 0.1 MPa) molar enthalpies of formation, at T = 298.15 K 

Compound )mol(kJ / (cr) 1º

mf

 H  )mol(kJ/  1º

m

g

cr

 H  )molkJ (g)/( 1º

mf

 H  

DMANBF 169.0 ± 3.3 134.2 ± 3.4 303.2 ± 4.7 

DEANBF 132.8 ± 4.9 139.2 ± 1.6 272.0 ± 5.2 

 

 

4.2.  Calculated molecular structures 

 

The calculated molecular structures of the 4-N,N-dimethylamino-7-nitrobenzo-

furazan and 4-N,N-diethylamino-7-nitrobenzofurazan, optimized at the B3LYP/6-

31G(d) level of theory (G3(MP2)//B3LYP calculations), are shown in figure 2, in which 

the selected bond distances and bond angles are included.  
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(a) (b) 

 

FIGURE 2. B3LYP/6-31G(d) optimized most stable configurations for the 4-N,N-

dimethylamino-7-nitrobenzofurazan (a) and 4-N,N-diethylamino-7-nitrobenzofurazan 

(b). Selected bond lengths (nm) and bond angles (deg) are included. 

 

In both molecules, the two fused rings are mainly planar due to their aromatic 

nature; the dihedral angle between the two rings is 0.2º for the 4-N,N-dimethylamino-7-

nitrobenzofurazan and 0.5º for the 4-N,N-diethylamino-7-nitrobenzofurazan. For the 

two heteropolycyclic compounds, the –NO2 group is almost coplanar with the core 

molecule, as seen by the dihedral angle O–N1–C3–C4, 0.2º. Their calculated molecular 

geometry parameters compare very well between each other. 

 

4.3. Gas-phase experimental and computational enthalpies of formation 

 

The experimental derived standard molar enthalpies of formation, in the gaseous 

phase, o

mf H (g), at T = 298.15 K, for the two studied compounds, are summarized in 

table 8. In this table are also presented their computational gas-phase molar enthalpies 

of formation, estimated by combining the enthalpy of reactions (3)-(7), at T = 298.15 K, 
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computed at the G3(MP2)//B3LYP level, with the experimental enthalpies of formation 

of the auxiliary molecules used in those reactions.  

 

TABLE 8 

Experimental and G3(MP2)//B3LYP computed gas-phase enthalpies of formation, of the compounds studied, at T 

= 298.15 K. a 

 
 

1

o

mf

molkJ

g


 H
 

  G3(MP2)//B3LYP 

Compound Exp. Eq. 3 Eq. 4 Eq. 5 Eq. 6 Eq. 7 

DMANBF 303.2 ± 4.7 298.7 (4.5) 302.7 (0.5) 304.7 (-1.5) 305.7 (-2.5) 305.9 (-2.7) 

DEANBF 272.0 ± 5.2 263.4 (8.6) 265.0 (7.0) 266.9 (5.1) 268.0 (4.0) 268.1 (3.9) 

ª Enthalpic differences between the experimental and computed values are given in parentheses. 

 

From the data collected in table 8, we can observe, for 4-N,N-dimethylamino-7-

nitrobenzofurazan, that the estimated values are in good agreement with the 

experimental ones; the maximum deviation obtained from the experimental result is 4.5 

kJmol-1, which is smaller than the uncertainty interval associated to the experimental 

value.  

For the 4-N,N-diethylamino-7-nitrobenzofurazan, the comparison between the 

experimental o

mf H (g) and the calculated data shows a satisfactory agreement; the poor 

estimate is obtained when reaction (3) is considered, with an enthalpic deviation of 8.6 

kJmol-1. However, when the estimates based on working reactions (6) and (7) are 

considered, the differences obtained are 4.0 and 3.9 kJmol-1, which are within the 

bounds of the experimental uncertainty. 

The calculated values by the G3(MP2)//B3LYP method can have an average 

absolute deviation as large as 5.2 kJmol-1 [29]. Despite the average absolute deviation 

of the values calculated by the G3(MP2)//B3LYP, the data obtained by using the 

different working reactions (table 8) are among them, and with the experimental result, 

as well as within this possible deviation.  

The computed G3(MP2)//B3LYP enthalpies for the compounds studied, auxiliary 

molecules used in the working reactions, as well as the literature values of o

mf H (g) for 
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the auxiliary molecules are presented in table S3 in the supporting information; in 

figure S1 is given the estimated gas-phase enthalpy of formation, at T = 298.15 K, for 

the N,N-diethyl-4-nitrobenzenamine.  The results obtained were also analyzed in terms 

of enthalpic increments. The introduction of two –CH2– groups in the –N(CH3)2 

substituent of the 4-N,N-dimethylamino-7-nitrobenzofurazan,  N,N-

dimethylbenzenamine and N,N-dimethyl-4-nitrobenzenamine is illustrated in the 

schemes of figure 3. From those schemes one can clearly see that the introduction of 

two ethylene groups in the –N(CH3)2 substituent of the three compounds referred above 

cause the same stabilizing effects, within the experimental uncertainties, showing that 

the presence of other groups in the ring do not induce additional enthalpic effects. The 

literature values of o

mf H (g) of the compounds presented in figure 3 and the respective 

references are in table S3, in the supporting information. 

N

O

N

NO2

N

CH3H3C

N

O

N

NO2

N

C2H5C2H5

303.2 ± 4.7 272.0 ± 5.2

-31.2 ± 7.0

 

(a) 

100.5 ± 3.4 62.1 ± 7.6

-38.4 ± 8.3

N

CH3H3C

N

C2H5C2H5

 

(b) 
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62.8 ± 2.6 24.4 ± 8.7

-38.4 ± 9.1

N

O2N

CH3H3C

N

O2N

C2H5C2H5

 

(c) 

FIGURE 3.  Enthalpic increments (kJmol-1) of the introduction of two –CH2– groups 

in the            –N(CH3)2 substituent of the 4-N,N-dimethylamino-7-nitrobenzofurazan 

(a), N,N-dimethylbenzenamine (b) and N,N-dimethyl-4-nitrobenzenamine (c). 

 

 

5. Final Remarks 

 

In the present work, the standard molar enthalpies of formation, in the gaseous 

phase, for 4-N,N-dimethylamino-7-nitrobenzofurazan and 4-N,N-Diethylamino-7-

nitrobenzofurazan were determined by experimental (static bomb combustion 

calorimetry and Knudsen effusion technique) and computational methods 

(G3(MP2)//B3LYP approach). The experimental values obtained were, respectively, 

(303.2 ± 4.7) and (272.0 ± 5.2) kJ·mol-1, and using different working reactions, a good 

agreement with the calculated data was achieved. At the B3LYP/6-31G(d) level of 

theory, the molecular structures of the compounds under study have been established 

and the structural parameters have been obtained. For both molecules, the two fused 

rings are mainly planar due to their aromatic nature. From an analysis of the 

experimental results obtained, in terms of enthalpic increments, it was shown that they 

correlate well between each other and with available literature values for structural 

related compounds. Finally, the values obtained in this work are an additional 

contribution for the systematic study of the dissociation enthalpy of terminal N–O 

bonds in heterocyclic compounds. 
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