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The mechanism of the gas phase unimolecular decomposition of hexahydro-1,3,5,-trinitro-1,3,5,-triazine (RDX)
has been investigated using first principles gradient-corrected density functional theory. We have calculated
the potential energy profile for two previously suggested dissociation channels:—{)¥ bond rupture,

and (1) concerted ring fission to three methylenenitramine molecules. The activation barriers for channels
| and Il are predicted to be 34.2 and 52.5 kcal/mol at the B-PW91/cc-pVDZ level, respectively. We have
performed a simple transition state theory analysis which indicates that the prefactors for channel | and Il are
roughly 7x 10" and 1x 10 s, respectively. Thus, our results suggest that path | is the dominant channel
in gas phase thermal RDX decomposition.

I. Introduction No2
N

Over the past two decades, much progress has been made in e N\CHz e e,
understanding the chemical and physical properties of high ,L N - " | l
explosives, particularly in predicting denotion product. ONT N TN, 0N N TNOy
Nevertheless, little is known regarding initiation processes due " "
to the rapid and complex nature of initiation kinetics. It is
generally believed that the initiation of energetic compounds
starts from molecular decomposition followed by a series of Nz
exothermic chemical reactions. Thus, the kinetics of thermal LN
decomposition is expected to provide some insight into energetic I L e sHe=N——N0, Path(Il)
material initiation and stability. As a widely used high explosive o l
and monopropellant, hexahydro-1,3,5,-trinitro-1,3,5,-triazine
(RDX) is one of the most thoroughly studied energetic
compounds. However, even simple questions such as the natur
of the initial step in the thermal decomposition of RDX are

still a subject of debate. L . . The disagreement on the mechanism may be attributed to
There are many suggested initial unimolecular steps in the differing experimental conditions, such as phase of RDX,

thermal decomposition of RDX including\NO, bond rupture,  yaricle size, heating mechanism, heating rate, and pressure. It
concerted ring fission to three GN,O,, C—N bond cleavage,  ha5 peen postulated that the solid and liquid confining environ-
C—H bond dissociation, and transfer of an oxygen from the ent may prohibit the ring fission reaction from proceedifg.
NO; to an adjacent Ckt* Among them, thel most supported  The sample and experimental conditions were also suggested
mechanism for condensed phase decompositior-isi®, bond to qualitatively influence the measured global Arrhenius pa-
rupture, shown in Figure 1 as the path I. The most recent ;ameters for RDX thermal decompositidn.For instance,
supporting evidence for this mechanism was given by the ronoted activation energies vary from 24.7 to 52.1 kcal/mol
transient IR laser pyrolysis experiments of Wight and Botéheér. and reported preexponential factors vary from?16 1% s-1

For a solid RDX thin film, they found that the initial o oyerall decomposition. Moreover, it is difficult to interpret

decomposition products relate mostly to the-NO, bond the condensed phase experiments due to the many possible
rupture>® Their experiments on samples with isotopically product species.

labeled nitrogen also showed that decomposition of RDX is ~ 554 phase molecular theory can be usefully compared to
mostly unimolecular and involves the removal of only one:NO ¢ jisjon-free molecular beam experiments. Several theoreti-

Concerted symmetric ring fission to three £O, molecules cal studies related to gas phase RDX decomposition have
is another competing mechanism which has convincing experi- heen reported. Melius and Binki#yhave estimated that the
mental evidencé&. This mechanism is shown in Figure 1 asthe N—NO, bond dissociation energy is48 kcal/mol, by com-
path II. Using infrared multiphoton dissociation (IRMPD) of  parison with smaller prototype molecular species. Their re-
RDX in a molecular beam, Zhao, Hintsa, and #eaggested sults rely on the assumption that RDX has aNO, bond
that the RDX molecule dissociates via both paths | and Il. They dissociation energy similar to that of nittamine and methylnit-
found that a branching ratio of 2:1 for path Il over path | best ramine. The barrier for the ring fission was calculated by
matched their time of flight spectra. They concluded that the Habibollahzadeh et &t using the local density functional
dominant channel is the symmetric ring fission (Il), not the procedure with a HartreeFock (HF) optimized (STO-3G basis
N—NO; bond cleavage (I). However, no conclusive evidence set) geometry. They reported a value of 72.2 kcal/mol, which
for the ring-fission has been reported in studies of liquid and js more than 20 kcal/mol higher than the reported global

+ NO, Path (I)

gigure 1. Schematic drawing of RDX dissociation via-WO, bond
rupture (path I) and symmetric ring-fission (path ).

solid RDX. activation energy of RDX. Therefore, they did not consider
ring fission to be the dominant mechanism of thermal gas phase
€ Abstract published ilAdvance ACS Abstract$yovember 1, 1997. decomposition.
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TABLE 1: Calculated RDX N —NO, Bond Dissociation Energy D) and Heat of Reaction AE) for RDX Ring Fission
Dissociation Pathway

total energy (hartrees)

RDX H6C3N504 N02 HzCNNOZ De (Do) (kcallmol) AEE (AE()) (kcaI/mOI)
B-PW91/D95V —897.28361 —692.16359 —205.05378 —299.060 69 41.6 (37.1) 63.7 (54.5)
B-PW91/D95W- —897.316 25 —692.18735 —205.06326 —299.073 82 41.2 (36.7) 59.5 (50.3)
B-PW91/D95V(d) —897.58022 —692.39286  —205.12764  —299.130 35 37.5(33.0) 52.8 (43.6)
B-PW9l/cc-pVDZ ~ —897.47526 —692.31267 —205.10087 —299.166 34 38.7 (34.2) 51.0 (41.8)
B-LYP/D95V —897.18106 —692.06742 —205.04655 —299.03311 42.1 (37.6) 51.3(42.1)
B-LYP/D95+ —897.21863 —692.09507 —205.05789 —299.046 87 41.2 (36.7) 48.9 (39.7)
B-LYP/cc-pvDZ —897.35119 —692.19967 —205.08857 —299.092 89 39.5(35.0) 45.5 (36.3)
B3-PW91/D95V —896.92063 —691.89439 —204.95672 —298.93221 43.6 (39.1) 77.8 (68.6)
B3-PW91/D95W- —896.95314  —691.91683 —204.96575 —298.944 60 44.3 (39.8) 74.9 (65.7)
B3-PW91/cc-pVDZ —897.16024  —692.07545 —205.01578 —299.018 34 43.3 (38.8) 66.0 (56.8)
B3-LYP/D95V —897.26296  —692.15751  —205.03781  —299.050 92 42.4 (37.9) 69.1 (59.9)
B3-LYP/D95V+ —897.296 87 —692.182 21 —205.047 89 —299.064 81 41.9 (37.4) 64.3 (55.1)
B3-LYP/cc-pvdz —897.48449  —692.32400 —205.09270 —299.13054 42.5 (38.0) 58.3 (49.1)

aFor D and AE, subscripts 0 and e refer to values before and after zero-point energy corrections, respectively.

TABLE 2: Zero-Point Energy Corrections (kcal/mol)

The local density approximation (LDA) employed by Obtained Using B-PW91 Functionals and D95V Basis S&t

Habibollahzadeh et &k.has recently been shown to be unreliable

for predicting barrier height$16 For example, for the CH RDX HeCsNsOs NO, TS HCNNG;

+ CH; — CH4 + CHjs reaction, LDA not only has an 86% 83.9 74.7 4.7 78.3 24.9

error in the activation barrier bu@ also givgs a gualitatively aTS refers to transition state of ring fission pathway.

incorrect double-well reaction profilé. A barrier height of 37

kcal/mol for ring fission was a_llso suggested by Sewell and || Computational Details

Thompson'’ who used an indirect method to construct the

potential energy surface of RDX. Chambers and Thom{¥son All total energy calculations were performed using the

showed that the branching ratio of Zhao, Hintsa, and8Lee Gaussian 94/DFf package with spin-polarized gradient-

implies that the barrier must be less than 72 kcal/mol. Clearly, corrected exchange and correlation functionals. The procedures

a reliable theoretical evaluation of RDX decomposition energet- are based on the spin-unrestricted Kef@hani? formalism. We

ics for both pathways is critically needed. have chosen four widely adopted and promising functionals:
The deficiencies of LDA in predicting molecular thermo- B-PW91, B3-PW91, B-LYP, and B3-LYP. B refers to the

chemistry have been significantly overcome by recently devel- Becke’s 1988 gradient-corrected exchange functiSnahich

oped gradient-corrected functionals in generalized gradient €Produces the exact asymptotic behavior of exchange energy

approximations (GGA). The promising performance of the density in finite system, and B3 refers to Becke's hybrid

GGA methods has been demostrated by a growing body of Method of mixing HartreeFock exchange energy into the

comparison studie¥-16.19-35 For bond dissociation energies, ©Xchange functiondf PW91 and LYP are the gradient-

gradient-corrected functionals such as Beekee—Yang—Parr corrected correl7at|on functionals of Perdew-Wahagnd Lee,

(B-LYP)337 have been shown to be accurate to within a few Yand, and Parf’ Three Gaussian-type basis sets were used

kcal/mol13212% Furthermore, it has been found that these O the Kohn-Sham orbital expansion: Dunning's valence

methods can properly describe the complete dissociation curvedouble zeta (D95SV}: D95V plus diffuse function (D9SW),

using spin unrestricted formulatios?! For transition state and Dunning's most recent correlation consistent polarized

barrier heights, the performance of GGA methods are somewhatvalence double zeta baS|s_ sets (c_c-pVE)?Z)n order to examine
the effect of the correlation-optimized cc-pVDZ basis set on

system dependent and still a subject of active resédréfhzo-35 . .
Y P ) DFT calculations, we compared the results obtained from the

Roughly speaking, GGA gives much better results than LDA, R . . h
; . ; e D95V(d)(D95V plus polarization functions) basis set with that
and in many cases it provides a level of accuracy similar to from cc-pVDZ. Both basis sets have the same structure and

other sophisticated ab initio methot{s52%31 |t has been 76, excent that ce-pVDZ is optimized with correlated atomi
reported that GGA severely underestimates barrier heights forcszal(e;ijgtii)ips“z atce-p Sop € correlated atomic

some reactions due to Coulomb “self-interaction” of the
electrons'6:30.31.35 However, this problem can be improved by
mixing in part of the exact HF exchandfe®! The computational
time of DFT methods formally scales as the number of electrons 5 N—NO, Bond Cleavage. The results for the NNO,
N°. This compares favorably with other high-level quantum hong gissociation energypj are presented in Table De and
methods of similar accuracy, which scaleNtsor greater. This Do refer to the values without and with zero-point correction
makes DFT methods suitable for the study of large systems suchy the vibrational energy (listed in Table 2), respectively, which
as RDX. ltis particularly encouraging that gra_dlent-corrected was calculated at the B-PW91/D95V level. It is satisfying to
DFT methods produce satisfactory results for nitrogerygen  see that the four functionals we used give consistent results.
chemical systems where traditional ab initio methods, such as Although adding polarization functions has a larger effect than
MP2, have difficulties in giving geometries reasonably close aqdding diffuse functions, neither changes the valueDof
to experimental values. significantly. For instance, the largest deviation between D95V
In this paper, we present a detailed study of RDX unimo- and D95Vt is —0.9 kcal/mol (B-LYP), while that between
lecular dissociation via path | and Il using several recent D95V and cc-pVDZ is—2.9 kcal/mol (B-PW91). The effect
gradient-corrected DFT methods. Our results provide a direct of the correlation consistent basis set on DFT energies does
comparison to the gas phase RDX experirh@md thus help not appear to be significant, since D95V(d) and cc-pVDZ have
to clarify this controversial issue. very similar results for the bond dissociation energy. The

Ill. Results and Discussion
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TABLE 3: DFT/cc-pVDZ Results of N—NO, Bond Dissociation Energies (kcal/mol) for CHHNNO, and H,NNO2

B-PW91 B-LYP B3-PW91 B3-LYP other theories
HNNO, 55.4(47.6) 52.8(45.0) 56.4(48.6) 54.5(46.7) 51.0(436),0(53.6)
CH;HNNO, 51.5(44.3) 49.0(41.8) 53.5(46.3) 51.4(44.2) (48.6)

aValues without and with parentheses correspond to those without and with zero-point corrections, respeetamlyef 43, using a configuration
interaction (QCISD) method.From ref 43, using Gaussian-2(G2) methé&rom ref 10, using bond-additivity-corrected Mgle?lesset fourth-

order perturbation (BAC-MP4) method.
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Figure 2. Potential energy curve for RDX dissociation via-NO,
bond rupture along the reaction coordinate-(NO, bond). Circles
represent the results of B-PW91/D95V and connected by the solid line.
Energies are referenced to the RDX equilibrium. The dashed line
indicates the dissociation limit.

deviation between the basis sets considered is roughly the sam

TABLE 4: Calculated RDX Geometric Relaxation Energy
(Erelaxess kcal/mol) Using cc-pVDZ Basis Set

B-PW91 B-LYP B3-PWO1
5.8 2.5 2.9

B3-LYP
1.6

Erelax

tion barrier. The B-PW91 functional and D95V basis set were
used. Our choice of the B exchange functional over B3 comes
from consideration of spin contamination. Baker, Scheiner, and
Andzelnf4 have found that spin contamination derives primarily
from the exchange term, and unrestricted Kel$tham wave
functions display much less spin contamination than their
unrestricted HF counterparts. Therefore, the mixing of HF
exchange energy in the B3 method is likely to introduce more
spin contamination than B. Our choice of PW91 over LYP is
mainly based on Perdew and Burk&somparison, in which
they suggested that PW91 is the best correlation functional. In
comparison to PW91, the LYP functional does not satisfy
several known exact formal conditions, such as the uniform
electron gas limit. However, we realize that current understand-
éng of the performance of GGA functionals in various contexts

as the deviation between the functionals. Becke’s hybrid B3 Is still limited.

method gives a slightly higher value of the bond energy (
kcal/mol) than Becke 88. Using our largest basis set (cc-pVDZ),
four functionals giveD, ranging from 38.7 to 43.3 kcal/mol,
with an average value of 41.0 kcal/mol and a maximum
deviation of +2.3 kcal/mol. Taking the zero-point energy
correction into account, we predict that the-NO, bond energy
Do is 34.2 kcal/mol at the B-PW91/cc-pVDZ level.

Our DFT values for the NNO, bond energy in RDX are
significantly smaller than the previous estimate~e48 kcal/

Caution must be used in interpreting the significance of the
deviation of the energy between functionals, since there is no
known systematic procedure to improve the accuracy of
exchange-correlation functionals. The success of exchange-
correlation functionals depends partially on error cancellation
between exchange and correlation parts. Therefore, it is not
surprising to see that reported discrepancies between functionals
range from negligible to sizable depending on the system of
investigatior?® For instance, Duraffthas very recently reported

mol. The previous value was based on the assumption that thedverage errors of-4.7 kcal/mol for B3-LYP and-5.4 kcal/

N—NO; bond in RDX is similar to that of methylnitramine and
nitraminel® In order to figure out whether the disagreement is

mol for B3-PW91 when calculating a variety of small molecule
transition state energies.

caused by different computational methods or by the assumed The potential energy profile displayed in Figure 2 was

similarity to nitramine, we have performed calculations for
nitramine (HNNO,) and methylnitramine (CENHNO,) using

obtained by optimizing the geometry at each fixed; NO,
separation R(N—N)). We found that spin contamination

selected gradient-corrected functionals and the cc-pVDZ basisappears at a NNO;, separation of 2.4 A, about 1.6 times the

set. The zero-point vibrational energy correction is obtained
at the B-PW91/D95V level. Table 2 shows our-NO, bond

N—NO; equilibrium bond distance, which is similar to a
previous finding®* Our potential energy profile has zero bar-

energies for nitramine and methylnitramine; they are consistentrier (the typical case for a radical recombination reaction). This

with previous theoretical predictiod823 We conclude that
RDX has a weaker NNO, bond than nitramine and meth-
ylnitramine. Differences between computational methods play
a secondary role in evaluating the previous estimate of the
N—NO;, bond energy.

There are two possible reasons for the smalleiND, bond
dissociation energy for RDX; either geometric or electronic
relaxations can occur through the RDX ring fragmenrf@ilsO,).

To estimate the contribution of geometric relaxation, we
calculated the energy difference between the rigiC4NisO,
and the relaxed kC3Hs04. The rigid HiC3NgOy4 is taken from
the minimum geometry of RDX without a NOgroup. As
shown in Table 3, the RDX geometric stabilization is between
2 and 6 kcal/mol. Electronic relaxation is thus the dominant
mechanism; it accounts for-6L0 kcal/mol.

is in agreement with the experimental observation that the
product translational energy distribution for-NO, bond
rupture is peaked at zefo Therefore, the barrier for breaking
the N—N bond is approximately equal to \NO, bond
energyDo.

B. Concerted Symmetric Ring Fission. The heat of
reaction AE) for the concerted symmetric ring fission (ll) is
listed in Table 1. It was calculated in the same fashion as the
N—NO, bond dissociation energy. Note that the deviation
between various exchange-correlation functionals and basis sets
is larger than for pathway |. This may be due to the large
change in the electronic character from RDX teGHINO,.
However, this pathway involves rearrangement of three chemical
bonds. If one estimates the deviation between functionals and
basis sets based on the number of changing bonds, they are not

We have mapped the potential energy curve (Figure 2) alongtoo far from those of pathway I. For instance, Becke’s hybrid

the reaction coordinate to calculate the-NO, bond dissocia-

method (B3) again gives consistently higher valué (kcal/
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LN BN B I IR L The geometries of RDX obtained from various functionals
: = using cc-pVDZ basis set are listed in Table 5. The deviations
between functionals are similar to those between experi-
ments?®47 In general, DFT results are in good agreement with
the experimenta®*’values and the previous HF restiit.Table
6 tabulates the geometry of the transition state obtained at
B-PW91/cc-pVDZ level (except fof which is obtained at
B-PW91/D95+). Note that the shorter €N bond in the
transition state (indicated as the “double” bond in Figure 1) is
1.306 A, which is slightly longer than the true-®! double
bond of 1.281 A of the final dissociation product, O,
e '1'6' : 'lé' : é - 2‘2 . '2'4' s but significantly shorter than the-@N bond length of 1.454 A
’ ’ ) m ) ’ ’ in RDX. Ourp of 2.21 A is slightly larger than the previous
HF result of 2.0 Overall, there is a similar level of agreement
Figurg 3. Potgntial energy curve for RDX ring fission along the petween HE and DFT geometries for the equilibrium and
reaction coordinate (the broken-®l bond, ). Circles and crosses transition staté!

represent the results of B-PW91/D95V and B-PW91/B%nd are . . .
connected by solid and dashed lines, respectively. Energies are A detailed comparison between path | and path Il requires
referenced to the RDX equilibrium. the evaluation of not only the barriers but also the reaction
_ prefactors. Rough estimates can be made from simple kinetic
mol per bond) than Becke 88. Nevertheless, the heat of reactionang transition state theory. For the path | reaction, the rate
for the ring fission is systematically higher than the-NO, constant k) of N—NO, dissociation was computed as
bond d|§SOC|at|on energy wlthln the same functlona.l and ba}SIS kg)Kg()quil’ wherekg) is the rate constant for the backward radical
set. Using the largest basis set cc-pVDZ, four functionals give binati . rKﬂ) is th iibri ¢
AE ranging from 66.0 to 45.5 kcal/mol, with an average value recombination reaction arktq; I the equilibrium constant o
of 55.2 and maximl.Jm devi.ation o£10’2 kcal/mol. Takin reaction |, respectively. For the path Il reaction, the rate
' . . ‘ ) 9 constank() was calculated using transition state thedrjwe
the zero-point energy correction of 9.2 kcal/mol, our best

0 i ; —50 ; ;
estimate at the B-PW91/cc-pVDZ level for the heat of reaction _evaluated<b using the Gorin modét = in Wh'Ch the_ reaction
of the concerted ring fission is 41.8 kcal/mol. is assumed to proceed when the attractive force is larger than

We have mapped the potential energy profile of the ring :Ee c%ntnflégal force. f'fl’he paratlmetzrts;]ln ttl;e (?orl? model a;e .
fission (see Figure 3) in order to identify the transition state. € reduced masses ol iragments and he atlractive force constan

The reaction coordinate paramegawas chosen to be the three in the assumed invers® potential. We estimated the attractive
alternate &N distances along the breaking—®l bonds force constant from the tail of our DFT potential. This model

(indicated as the dashed line in Figure 1). At egthwe has been applied to polyatomic molecules with reasonable

optimized all other degrees of freedom at both B-PW91/Dg5y results®® As an examplek( is calculated to be 2.& 10

and B-PW91/D95W level. Although adding diffuse functions ~ ¢M/(mol s) at a temperature of 400 K, which is a typical rate
lowers the potential energy, the energy profiles of the D95V for radical recombination. In calculations K}, andk®, we

and D95+ basis sets have a similar shape, including the same applied the harmonic approximation in evaluating the vibrational
B of 2.21 A at the saddle point. We have assumed that cc- partition functions and included both rotational and electronic
pVDZ has the samg value for the saddle point; therefore, the ~contributions. Given the B-PW91/cc-pVDZ activation barriers,
transition state at the cc-pVDZ level was obtained by optimizing Arrhenius parameters for paths | and Il are estimated to be
all other degree of freedoms while keepifigit 2.21 A. This ~ EY = 34.3 kcal/mol,AD = 7.3 x 10" s%, andEY) = 54.7
B-PW91/cc-pVDZ calculation gives a transition state height of kcal/mol, A" = 1.3 x 1017 s7%, respectively. The Arrhenius
58.1 kcal/mol. This transition state was found to be spin-pure, barrier E, for both (I) and (ll) are very similar to the zero
indicating DFT's ability to maintain pure spin for the transition temperature results. Since the prefactors for path | and Il are
state within a single determinant. In addition, the spin-pure of the same order of magnitude, we predict path | to be the
character remains all the way up to the larggsalue (2.5 A) dominant channel due to its lower activation barrier.

that we have calculated. The Hessian calculation at the It should be emphasized that the methods used to find the
B-PW91/D95V level shows one imaginary frequency for the prefactor are more qualitative (order of magnitude accuracy)
predicted transition state. Taking into account the zero-point than quantitative. It is somewhat surprising that the simple
energy correction, our best estimate of barrier height at B-PW91/ homolysis of one bond has a prefactor similar to that of a
cc-pVvDZ level for pathway Il is 52.5 kcal/mol. Note that this reaction involving three bond fissions. This may be due to
value is about 20 kcal/mol smaller than the previous LDA other geometric factors. For instance, path | produces one
result!! floppy molecule, while the three fragments from path Il are more

(2]
o

'S
o

N
o

LA R N B B B s e

Relative Energy (Kcal/mol)

Loy by e by

o

TABLE 5: Calculated RDX Geometries Using cc-pVDZ Basis Sét

parameters B-PW91 B-LYP B3-PW91 B3-LYP HF expte4”
C—N 1.454 1.470 1.450 1.459 1.49 142.47,1.464
C—H 1.106, 1.111 1.102, 1.109 1.092, 1.102 1.091,1.101 1.09 —1@®, 1.089
N—N 1.422 1.469 1.394 1.421 1.48 1:35.40, 1.413
N—-O 1.232 1.235 1.214 1.218 1.27 1-20.23, 1.213
CNC 119.8 117.3 116.7 116.0 115 114515.1, 123.7
NCN 110.8 1134 119.6 112.6 115 10+#811.7,109.4
HCN 107.8, 110.2 108.7,107.9 109.6, 108.2 109.4, 107.6 —1038 106.9-111.3
NNC 118.9 1171 119.6 117.7 113 115820.9, 116.3
ONN 115.7 116.1 116.5 116.4 117 116817.8,117.2
NNCN 239.4 254.5 249.8 258.7

aBond lengths and bond angles are in units of A and deg, respectively.
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TABLE 6: Calculated Transition State Geometry for Ring (5) Wight, C. A.; Botcher, T. RJ. Am Chem Soc 1992 114, 8303.
Fissior? (6) Botcher, T. R.; Wight, C. AJ. Phys Chem 1993 97, 9149.
(7) Botcher, T. R.; Wight, C. AJ. Phys Chem 1994 98, 5541.
parameters B-PW91/cc-pvDZ FiF (8) Zhao, X. S.; Hintsa, E. J.; Lee, Y. T. Chem Phys 1988 88,
C—N 1.306, 2.210 1.32,2.07 801. _ »
C—H 1.101, 1.098 1.09 (9) Brill, T. B.; Gongwer, P. E.; Williams, G. KJ. Phys Chem 1994
N-N 1.499 1.50 98, 12242. 4 : , .
N—O 1.226 1.27 (10) Melius, C. F.; Binkley, J. STwenty-first Symposium (International)
CNC 118.6 120 on Combustion, [ProceedingsThe Combustion Institute, 1986, p 1953.
NCN 113'2 108 (11) Habibollahzadeh, D.; Grodzicki, M.; Seminario, J. M.; Politzer, P.

J. Phys Chem 1991, 95, 7699.

Hﬁg ﬁé‘z‘ 116.6 11115‘7 121 (12) Kohn, W.; Sham, LPhys Rev. A 1965 140, 1133.
ONN 116.6 115119 1251732 Kohn, W.; Becke, A. D.; Parr, R. G. Phys Chem 1996 100,
NNCN 274.3 (14) Fan, L.; Ziegler, TJ. Am Chem Soc 1992 114, 10890.

(15) Andzelm, J.; Sosa, C.; Eades, R.JAPhys Chem 1993 97, 4664.

(16) Johnson, B. G.; Gonzales, C. A.; Gill, P. M. W.; Pople, JCAem
Phys Lett 1994 221, 100.

(17) Sewell, T. D.; Thompson, D. L1. Phys Chem 1991, 95, 6229.

aBond lengths and bond angles are in units of A and deg,
respectively.

stiff. Therefore, the relative entropy change of path | and Il (18) Chambers, C. C.; Thompson, D.1Phys Chem 1995 99, 15881.
may be less than expected based on the number of fragments (19) Fitzgerald, G.; Andzelm, J. Phys Chem 1991, 95, 10531.
alone. (20) Andzelm, J.; Wimmer, EPhysica B199], 172, 307.

(21) Andzelm, J.; Wimmer, EJ. Chem Phys 1992 96, 1280.

(22) Gill, P. M. W.; Johnson, B. G.; Pople, J. Bhem Phys Lett 1992
IV. Summary 197, 499.

We have investigated the mechanism of the gas phasegg(%%)lé]f’hnson’ B. G.; Gill, P. M. W.; Pople, J. &.Chem Phys 1993

unimolecular decomposition of RDX. Among all possible (24) Seminario, J. Mint. J. Quantum Cheml1994 28, 655.
reaction pathways, we considered only two specific reaction (25) Chermette, H.; Lembarki, A.; Gulbinat. P.; Weber, Idt. J.
channels. N-NO bond rupture and symmetric concerted ring Quantum Cheml995 56, 753. . ' .
fission_, since they are best supported by experime_nts. A rgngeSCéﬁng""o,_I'tTgshz% '\Pﬂhyg"lggegnle&azg’sf + Comehl, H. H.; Koch, W,
of basis sets and modern gradient-corrected density functional (27) Jursic, B. Sint. J. Quant Chem 1996 58, 41.
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