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ABSTRACT: The UHF–SCF–AM1 MO method was applied to the study of two kinds of pyrolysis reactions of six
nitro derivatives of phenols (homolysis reaction by rupture of the C—NO2 bond into radicals and isomerization
reaction involving phenolic hydrogen transferring to oxygen on the NO2 group). The molecular geometries of
reactants, transition states and products were fully optimized. The potential energy curves and activation energies
were first obtained. The results show that this category of compounds is more easily initiated via isomerization
reactions than by homolysis reactions. The parallel relationship among the Wiberg bond order of the pyrolysis-
initiation H—O bond in the molecule of a reactant, the activation energy of the isomerization reaction breaking the
H—O bond and impact sensitivity of the reactant gives ‘the principle of the smallest bond order’ (PSBO) powerful
support. The sensitizing effect of a phenol group was elucidated based on calculation results. The different influences
of OH and NO2 groups on the heat of formation of a molecule are discussed. 1998 John Wiley & Sons, Ltd.

KEYWORDS: nitro derivatives of phenols; pyrolysis initiation reactions; impact sensitivity; UHF–SCF–AM1 MO
method; activation energy.

INTRODUCTION

The sensitivity of energetic compounds to stimuli such as
impact and shock has received considerable attention
from chemists for several decades. A deep investigation
into the factors that determine the sensitivity is essential
for the design and development of new energetic systems
with high performance.

The nitro derivatives of phenols are an important
category of energetic compounds. 2,4,6-Trinitroresorci-
nol (styphnic acid) and 2,4,6-trinitrophenol (picric acid)
are well known explosives. Picric acid has been found to
be sensitive, and the same is true for the di- and
trihydroxy systems.

It is widely accepted that the phenol group is family
active, which influences the sensitivity of an explosive.
Politzer and Seminario1 reported that hydroxyl deriva-
tives of nitroaromatics possess different sensitivity to
amino derivatives. Hydroxyl substituents sensitize nitro-
aromatic molecules towards shock and impact, despite
having resonance capabilities.

With regard to the impact sensitivity of nitro deri-
vatives of phenols, we successfully applied ‘the principle

of the smallest bond order’ (PSBO) to identify their
relative magnitudes of impact sensitivity, and obtained
bond orders of the pyrolysis-initiation bonds (H—O bond
in a phenolic group) in their molecules. The principle
pointed out that for a series of compounds with similar
molecular structures, the larger the value of the bond
order of the pyrolysis-initiation bond, the lower becomes
the impact sensitivity of the compound, and the smallest
bond order of the pyrolysis-initiation bond corresponds to
the greatest sensitivity of the compound.2–5

Modern theoretical studies of pyrolysis mechanisms of
most nitroaromatics show that their pyrolysis usually
starts with the scission of the weakest bond (e.g. C—NO2

bond) in a molecule.2,6,7 However, for this category of
compounds, most experimental results support the view-
point that molecules are initiated via an isomerization
reaction, taking place via phenolic hydrogen transferring
to oxygen on theortho-NO2 group.8–10 Our early MO
calculations2 also supported this mechanism. Politzer and
Seminario1 obtained the optimized structure of the
nitronic acid tautomer ofo-nitrophenol at the SCF 3–
21G level. So far no theoretical calculation of pyrolysis-
initiation reactions of nitro derivative of phenols has been
reported. Hence the question arises of whether the cal-
culation for the reactions also supports this pyrolysis-
initiation mechanism with an isomerization reaction or a
mechanism in which pyrolysis of molecules is initiated
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by theruptureof theC—NO2 bondin thesamewayasin
othernitroaromaticssuchasnitro derivativesof benzene
andaminobenzenes.2,6,7

EarlyMO calculations11–14on thehomolysisreactions
of nitro compoundsand nitroaminesshowedthat the
restricted Hartree–Fock(RHF) method only provided
potential energy curves on which molecular energies
increasedwith the initiation bond length. It is obvious
that the RHF method cannot describe homolysis
processesand the useof the unrestrictedHartree–Fock
(UHF) MO methodis aminimal requirement.It hasbeen
successfullyapplied for studying the mechanismsof
pyrolysis-initiation reactions of five model energetic
molecules,15 nitro derivativesof benzeneandaminoben-
zenes.6,7 For isomerizationreactions,UHF andRHFMO
methodsare both feasible. In this work, in order to
comparethe resultsfor two kindsof pyrolysisreactions,
all the calculationswerecarriedout with the UHF MO
method.

This is thefourth paperin theserieson thetheoretical
studyon pyrolysismechanismsand impact sensitivities
of energeticcompounds.The UHF–SCF–AM1method
was applied to study two kinds of pyrolysis-initiation
reactionsof six nitro derivativesof phenols,i.e. 2,4-
dinitrophenol(1), 4,6-dinitroresorcinol(2), 2,4-dinitrore-
sorcinol (3), 2,4,6-trinitrophenol (4), 2,4,6-trinitrore-
sorcinol (5) and 2,4,6-trinitro-1,3,5-trihydroxybenzene
(6). Themoleculargeometriesof thereactants,transition
statesand productswere fully optimized.The potential
energycurvesand activation energiesof two kinds of
reactions for each of the above molecules (total 12
reactions)werefirst obtained.By comparingthe activa-
tion energiesof two kindsof reactions,it wasconcluded
thatnitro derivativesof phenolsaremoreeasilyinitiated
via isomerization reactions. Molecular geometric
changesin thesereactionswere explored.Further, the
resultsshowedthat thereis a parallelrelationshipamong
the Wiberg bondorderof the pyrolysis-initiation H—O
bondin a reactantmolecule,theactivationenergyof the
isomerizationreactionbreakingthe H—O bondandthe
impact sensitivity of the reactant,which gives PSBO
powerful support.The sensitizingeffect of the phenol
groupwaselucidatedbasedon calculationresults.Also,
the different influencesof OH and NO2 groupson the
heatof formationof a moleculearediscussed.

CALCULATION METHOD AND RESULTS

The UHF–SCF–AM116 MO method included in the
Mopac5.0 programpackage17 wasappliedto studytwo
kindsof pyrolysismechanismsof six nitro derivativesof
phenols,shown as equations(1) and (2), respectively,
with 2,4-dinitrophenol as an example. The initial
geometriesof reactantswere basedon the Pople and
Beveridge’s standard data18 and were subsequently
optimizedwith an energygradientmethod.Thea andb

electronicorbitalsandenergieswereobtainedfrom UHF
MO calculations.

In homolysis reactionsshown as equation (1), the
distancebetweentheC atomin thebenzenering andthe
N atomin theNO2 group(correspondingto theweakest
C—NO2 bond with the smallestvalue of Wiberg bond
order19 among all the C—NO2 bonds in a reactant
molecule) was chosen as the reaction coordinate. It
correspondsto the bondC(2)—NO2 in 2,4-dinitroresor-
cinol (3) and2,4,6-trinitro-1,3,5-trihydroxylbenzene(6),
the bond C(4)—NO2 in 2,4-dinitrophenol(1) and 4,6-
dinitroresorcinol(2) and the bond C(6)—NO2 in 2,4,6-
trinitrophenol (4) and 2,4,6-trinitroresorcinol(5), based
on theWiberg bondorderin eachreactantmolecule.

For isomerizationreactionsshownasequation(2), the
distancebetweentheO andH atomsin thephenolicOH
group was adopted as the reaction coordinate. It
correspondsto the bond H—O(7) in each reactant
molecule, which is the weakestH—O bond with the
smallestvalue of the Wiberg bondorderamongall the
H—O bondsin a reactantmolecule(seeFig. 1).

Calculationswerecarriedout for theabovetwo kinds
of pyrolysis reactionsby changingthe reactioncoordi-
natein stepsof 0.1Å from 1.4 to 3.5Å for a homolysis
reaction and from 1.0 to 2.0Å for an isomerization
reaction.The moleculargeometrieswere optimized at
different values of the reaction coordinate. In total
calculationswere madefor 12 reactions.The potential
energycurvefor eachreactionwasobtainedbasedon the
resultof heatsof formationat different singlepointson
thereactioncoordinate.Thetransitionstatewasobtained
by optimizing the structurecorrespondingto the highest
point of the potential energy curve with the NLLSQ
method,20 and was confirmedwith only one imaginary
vibration.All thecalculationswereperformedon anHP-
9000-842computer.

Figure1 showsthe optimizedgeometriesof six nitro
derivativesof phenols,thenumberingof someatomsand
the resultsfor the Wiberg bondorderof somebondsin
themolecules.Figure2 depictstheoptimizedgeometries
of the reactant, transition state and product in the
isomerizationreactionof 2,4-dinitrophenol.Also shown
are the results for net chargeson some atoms in the
optimized species.Tables 1 and 2 list the heats of
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Figure 1. Optimized geometries (bond lengths in aÊ ngstroms, bond angles in degrees) of six nitro derivatives of phenols,
numbering of some atoms and the results for Wiberg bond order (in parentheses) of some bonds in the optimized species
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formation of optimized species and the activation
energiesof six homolysisreactionsandsix isomerization
reactions,respectively.Figure3 (a) and(b) illustratethe
potentialenergycurvesfor six homolysisreactionsand
six isomerizationreactions,respectively.Table 3 con-
tains the impact sensitivities of six compounds,the
activationenergiesfor thetwo kindsof reactionsandthe
results for the Wiberg bond order in the reactant
molecules.

DISCUSSION

Molecular geometries, electronic structures and
heats of formation of reactants

The optimized geometries and electronic structure
parametersfor the moleculesof the six nitro derivatives
of phenolsareillustratedin Fig.1.Thecalculationresults
showthat theN atomin the NO2 groupin eachreactant
moleculeexistsin ansp2 hybrid state,with a bondangle
�ONO of about120° andanN—O bondlengthof about
1.2 Å.

Hydrogenbondsexist in all thesix reactantmolecules
(seeFig. 1). ThedistancebetweenthephenolicH andthe
O atomin the ortho-NO2 groupis about1.90–1.98Å in

eachreactantmolecule.Theoptimizedgeometriesof all
six moleculesare planar,showingthat all the NO2 and
OH groupsare nearly in the benzenering plane.This
resultsfrom goodconjugationandhydrogenbondeffects.

From the UHF–SCF–AM1calculations,the Wiberg
bondorderof theweakestC—NO2 bondin eachreactant
moleculewasobtained.It is 0.859,0.879,0.885,0.852,
0.858 and 0.886 in the moleculesof compounds1–6,
respectively,correspondingto the C(4)—NO2, C(4)—
NO2, C(2)—NO2, C(6)—NO2, C(6)—NO2 and C(2)—
NO2 bonds,respectively(seeFig. 1). Their optimized
bond lengthsare 1.486,1.477,1.476,1.491,1.488and
1.477Å , respectively.

Isomerization reaction via a phenolic hydrogen
transferringto oxygen in the NO2 group involves the
ruptureof theH—Obondin thephenolichydroxylgroup.
TheWibergbondordersof theweakestH—O bondin the
phenolichydroxylgroupsin eachreactantmoleculewere
obtainedas0.886,0.885,0.878,0.877,0.869and0.866
for 1–6,respectively,eachcorrespondingto theH—O(7)
bond (seeFig. 1). The optimized bond lengths in the
moleculesof 1–6 are 0.974,0.974,0.975,0.977,0.978
and0.978Å , respectively.

Also obtainedwere the net chargeson atomsin the
optimizedspecies.Herewe only illustratethe resultsfor
2,4-dinitrophenolin Fig.2 for thesakeof brevity. In each

Figure 2. Optimized geometries of reactant, transition state and product in the isomerization reaction of 2,4-dinitrophenol
(bond lengths in aÊ ngstroms, bond angles in degrees) and the net charges on some atoms in the optimized species

Table 1. Heats of formation of optimized species and activation energies (Ea
h) of six homolysis reactions (kJ molÿ1)

Heatof formation Activation energyb

Reactiona Reactant Transitionstate Product (Ea
h)

I ÿ55.522 98.826 69.567 136.859
II ÿ247.881 ÿ84.646 ÿ116.658 146.289
III ÿ235.890 ÿ76.287 ÿ109.039 143.369
IV 4.916 154.611 118.742 133.691
V ÿ179.531 ÿ31.288 ÿ64.530 132.495
VI ÿ362.744 ÿ205.208 221.564 142.812

a I, II, … VI representthenumberingof thehomolysisreactionsof 2,4-dinitrophenol(1), 4,6-dinitroresorcinol(2), 2,4-dinitroresorcinol(3), 2,4,6-
trinitrophenol(4), 2,4,6-trinitroresorcinol(5) and2,4,6-trinitro-1,3,5-trihydroxylbenzene(6), respectively.
b Theactivationenergyhasbeenmodifiedwith thezeropointenergy,i.e.Ea

h = (ETS� TTS
0)-(ER� ER

0), whereER
0 andETS

0 arezeropointenergies
of the reactantandtransitionstateof a homolysisreactionandER andETS aretheir heatsof formation,respectively.
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reactantmolecule,thenetchargeson theOH groupsare
all positive, whereas those on the NO2 groups are
negative, which indicates that NO2 is an electron-
attractinggroupandOH is anelectrondonor.

Onthebasisof theresultsfor theheatsof formationof
thereactantmoleculesin Tables1 and2, it is seenthatthe
heatof formation of 2,4,6-trinitro-1,3,5-trihydroxylben-
zene(6) is muchlowerthantheothers,whereasthoseof 1
and4 arefairly high. It seemsthat the moreOH groups
thereare in a molecule,the lower becomesthe heatof
formation.On the otherhand,the differenceamongthe
heatsof formationof 5, 3 and2, which all containtwo
OH groups,showsthat the NO2 group has a contrary
effect on theheatof formationof a molecule.The more

NO2 groupstherearein a molecule,thehigherbecomes
theheatof formation.Similarity is alsoobservedbetween
compounds1 and 4. This meaningful regularity also
existsin other seriescompounds.We shall discussthis
topic in detail later.

Pyrolysis-initiation mechanism

Two kinds of pyrolysis reactionsfor each compound
werestudied.

For a homolysisreactionshownasequation(1), with
increasein the distancebetweenthe C atom on the
benzene ring and the N atom in the NO2 group

Table 2. Heats of formation of optimized species and activation energies (Ea
i) of six isomerization reactions (kJ molÿ1).

Heatof formation Activation energyb

Reactiona Reactant Transitionstate Product (Ea
h)

I ÿ55.522 61.597 26.004 94.889
II ÿ247.881 ÿ128.231 ÿ152.017 97.613
III ÿ235.890 ÿ133.143 ÿ159.783 81.350
IV 4.916 112.462 83.291 85.475
V ÿ179.531 ÿ86.069 ÿ113.876 72.094
VI ÿ362.744 ÿ274.583 ÿ297.817 67.354

a I, II, … VI representthenumberingof thehomolysisreactionsof 2,4-dinitrophenol(1), 4,6-dinitroresorcinol(2), 2,4-dinitroresorcinol(3), 2,4,6-
trinitrophenol(4), 2,4,6-trinitroresorcinol(5) and2,4,6-trinitro-1,3,5-trihydroxylbenzene(6), respectively.
b Theactivationenergyhasbeenmodifiedwith thezeropointenergy,i.e.Ea

h = (ETS� TTS
0)-(ER� ER

0), whereER
0 andETS

0 arezeropointenergies
of the reactantandtransitionstateof a homolysisreactionandER andETS aretheir heatsof formation,respectively.

Figure 3. Potential energy curves for (a) homolysis and (b) isomerization reactions of six nitro derivatives of phenols. I±VI
represent reaction of compounds 1±6, respectively
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(correspondingto the weakestC—NO2 bond), the net
chargeon each atom varies with the progressof the
reaction.The net chargeson the NO2 groups in each
reactantarenegative,showingthat the NO2 groupis an
electron-attractinggroup. The net chargeon the disen-
gaged NO2 group in each product of the homolysis
reactionis zero,whichverifiesthattheprocessis aradical
dissociation.Calculationsperformed by changing the
reactioncoordinate(thedistancebetweenC andN atoms)
show that the molecular energy first rises and then
decreasesslowly. Figure 3(a) illustrates the potential
energycurvesfor six homolysisreactions.At a distance
betweentheC andN atomsof about2.1Å , thetransition
statewas formed. The heatsof formation of reactants,
transitionstatesandproductsare listed in Table1. The
molecularenergiesof theproductsarehigherthanthose
of thereactants,whichis consistentwith theexperimental
fact thattheprocessbreakingabondis endothermic.The
activationenergies(Ea

h) for the homolysisreactionsfor
1–6are136.859,146.289,143.369,133.691,132.495and
142.812kJ molÿ1, respectively.

For an isomerizationreactionshownasequation(2),
with increasein the distancebetweenO and H in the
phenolic hydroxyl group, it is found that phenolic
hydrogenmovestowardsthe N atomin the NO2 group,
forming a transitioncomplexwith a six-memberedring
in which thedistancesbetweenthephenolicH andtheO
in theortho-NO2 groupareabout1.14–1.16Å , andthose
betweenthe phenolicH andO(7) areabout1.3–1.4Å .
Theheatsof formationof reactants,transitionstatesand
productsare listed in Table 2. Figure 3(b) depictsthe
potentialenergycurvesfor theisomerizationreactionsof
the six compounds,also showing that the molecular
energiesfirst rise and then decreaseslowly via the
reactioncoordinate(thedistancebetweenH andO atoms
in a phenolichydroxyl group),and this processis also
endothermic. The activation energies (Ea

i) of the
isomerization reactions for 1–6 are 94.889, 97.613,
81.350, 85.475, 72.094 and 67.354 kJ molÿ1, respec-
tively.

Table 3 showsthat the activationenergiesof homo-
lysis reactionsare higher than those of isomerization

reactionsby at least 40 kJ molÿ1, which meansthat
moleculesof thecompoundsunderstudyaremorelikely
initiated via an isomerizationreactiontaking placevia
the phenolic hydrogen transferring to the ortho-NO2

group.
The six nitro derivativesof phenolsstudiedpossessa

commonpoint of structurethat in eachmoleculethere
existsat leastone NO2 group ortho to a phenolgroup,
which makesit possiblefor thephenolicH to transferto
the nitro O atom. It is well known that the special
structureof o-nitrophenolaccountsfor certainproperties
by whichit differsfrom them- andp-isomers.Sohowthe
pyrolysis-initiationreactionsof othernitro derivativesof
phenolsin which thereis noNO2 grouportho to aphenol
group take place is still an unansweredquestion.This
aspectwill bestudiedin detail in futurework.

Geometric and electronic structural variation in
isomerization reactions

In isomerizationreactions,the moleculesof the com-
poundsstudiedremain almostplanar in the processof
transferof thephenolichydrogento theortho-NO2 group.
Thetransitionstatecontainsa planarsix-memberedring.
As anexample,theoptimizedgeometriesof thereactant,
transitionstateandproductin the isomerizationreaction
of 2,4-dinitrophenolandthe net chargeson someatoms
in optimizedspeciesareillustratedin Fig. 2.

With increasein the reactioncoordinate[the distance
correspondingto the length of the H—O(7) bond], the
distancebetweenthephenolicH andtheO in theortho-
NO2 groupdecreasesfrom 1.98Å (reactant,R) to 1.15Å
(transitionstate,TS) to 0.98Å (product,P), showingthe
phenolicH transferringtowardsthe O atomin the NO2

group.In product,thisphenolicH bondsto theO atomin
theNO2 groupwith anordinaryH—O bondlength,anda
hydrogenbondexistsbetweenthe phenolicO anditself
with a lengthof about2.0Å . In theprocessof transferof
thephenolicH to theO atomin theortho-NO2 group,the
C—OHbondlengthdecreasesfrom 1.35Å (R) to 1.29Å
(TS) to 1.25Å (P), displaying a double bond in the

Table 3. Impact sensitivity (h50%) of six nitro derivatives of phenols (1±6), their activation energies in two kinds of reactions (Ea
h

and Ea
i) and the results for the Wiberg bond order in the reactant molecules (BCÐNO2

and BHÐO).

Parameter 1 2 3 4 5 6

h50% (m)a >3.2 2.96 0.87 0.43 0.27
Ea

h (kJ molÿ1)b 136.859 146.289 143.369 133.691 132.495 142.812
Ea

i (kJ molÿ1) 94.889 97.613 81.350 85.475 72.094 67.354
BC—NO2

c 0.859 0.879 0.885 0.852 0.858 0.886
BH—O 0.886 0.885 0.878 0.877 0.869 0.866

a Thedatarepresenttheheightfrom which a givenweight(2.5kg) mustbedroppedon thecompoundto producedetonation.Thus,thesmallerthe
valuegiven, themoresensitivethecompoundis towardsimpactimpulse.Thedatearetakenfrom Ref. 2.
b Ea

h andEa
i correspondto the activationenergiesof homolysisandisomerizationreactions,respectively.

c BC—NO2 andBH—O arethe resultsfor the Wiberg bondorderof theweakestC—NO2 andH—O bondsin a reactantmolecule,respectively.
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product.In this process,theC(2)—NO2 bondlengthalso
decreasesfrom 1.48Å (R) to 1.43Å (TS) to 1.40Å (P),
while the O—N bond length in the ortho-NO2 group
increasefrom 1.21Å (R) to 1.28Å (TS) to 1.33Å (P),
showingasinglebondin productdueto thetransferof the
phenolicH to this O atom, thus weakeningthis O—N
bond.

Also observedarethelargechangesin thenetcharges
on thephenolicO atomandtheO atomin theortho-NO2

group.Theformerchangesfromÿ0.23(R) toÿ0.38(TS)
toÿ0.28 (P), and the latter increasesfromÿ0.39 (R)
toÿ0.32(TS) toÿ0.22(P),dueto thebindingof phenolic
H with itself.

Wiberg bond order, activation energy and impact
sensitivity

Table 3 shows the order of the experimentalimpact
sensitivity to be 2< 3< 4< 5< 6. The calculated
activation energiesof their isomerizationreactionsare
97.613,81.350,85.475,72.094 and 67.354 kJ molÿ1,
respectively,i.e.asimilarorderto theimpactsensitivities
exceptfor 3. Theresultsfor theWibergbondorderof the
pyrolysis-initiation H—O bonds in the isomerization
reactionsof 2–6 are 0.885,0.878,0.877,0.869,0.866,
respectively.This order is identical with that of the
impact sensitivities.However, for homolysisreactions,
the activation energiesand the results for the Wiberg
bondorderof theweakestC—NO2 bondsin thereactant
molecules(seeTable3) arein differentordersbothfrom
eachotherandalsofrom thatof the impactsensitivities.
This resultalsosupportsthecontentionthatthis category
of compoundsis probably not initiated via homolysis
reactions.The meaningful regularity for the parallel
relationshipamongtheresultsfor theWibergbondorder
of the pyrolysis-initiation H—O bonds, the activation
energiesof the isomerizationreactionsbreakingtheH—
O bondsand the impact sensitivity of this categoryof
compounds means that we only need to perform
calculations for the reactantmolecules to obtain the
Wiberg bondorderof the true pyrolysis-initiationbond,
and then we can accessits relative impact sensitivity.
This resultagaingivesthePSBO2,3,4,5powerfulsupport.

In the previous work, UHF–SCF–AM1calculations
werealsoperformedfor thepyrolysis-initiationreactions
of nitro derivativesof benzeneand aminobenzenes.6,7

The resultsshowedthat the activation energiesfor the
initiation reactionsof s-trinitrobenzeneand 2,4,6-trini-
troaminobenzeneare 124.23 and 130.35 kJ molÿ1,
respectively.In this study,the activationenergyfor the
isomerizationreactionof 2,4,6-trinitrophenol is 85.48kJ
molÿ1. Differencesamongtheactivationenergiesof the
initiation reactionsof thesethreecompoundsshowthat
the phenol group possessesa sensitizing effect on
nitroaromatics,whereasthe aminogrouphasa contrast-
ing influence. The calculated results of activation

energiesin this work show that the more OH groups
thereare in a reactantmolecule,the lower becomesthe
activation energyof its isomerizationreactionand the
more sensitive the compoundis towards impact and
shockimpulse.

CONCLUSIONS

On the basis of UHF–AM1 MO calculationsfor two
kinds of pyrolysis reactionsof six nitro derivativesof
phenols, it can be concluded that this category of
compoundsis more easily initiated via isomerization
reactionsvia thephenolichydrogentransferringto theO
atomantheortho-NO2 group.Theoptimizedgeometries
of thetransitionstatesexhibitaplanarsix-memberedring
at about 1.3–1.4Å on the reaction coordinate (the
distancebetweenthe H and O atoms in the phenolic
hydroxyl group). The activationenergiesof isomeriza-
tion reactionsof 1–6are94.889,97.613,81.350,85.475,
72.094and 67.354kJ molÿ1, respectively.The parallel
relationship among the Wiberg bond order of the
pyrolysis-initiationH—O bondin thereactantmolecules,
the activationenergiesof isomerizationreactionsbreak-
ing the H—O bond and the impact sensitivity of the
compoundsgivesthePSBOpowerful support.
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