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Abstract Si-pentaerythritol tetranitrate (PETN), Si[CH,
ONO&.]y, is a silicon analog of the widely used explosive
PETN, C[CH,;0NO,]4. Si-PETN is extremely sensitive to
impact, much more so than PETN. This was attributed by
Liu et al. to Si-PETN having a much lower activation
barrier to decomposition, via a facile rearrangement that is
not as readily available to PETN, and which releases
considerable energy that can promote further steps. We
have investigated computationally why the barrier to the
rearrangement is so much lower for Si-PETN than for
PETN, using 5, (H3C);C-CH,ONO,, and 6, (H3C);Si-
CH,0NO,, as models for PETN and Si-PETN. Reaction
force analysis shows that most of the difference between
the rearrangement barriers for 5 and 6 comes about in the
initial (reactant) stages of the processes, in which 6 benefits
from a 1,3 electrostatic interaction involving a positive
og—hole on the silicon and the negative linking oxygen. The
analogous interaction is weaker in 5, since the central
carbon does not have positive o—holes; furthermore, this
carbon is less able than silicon to temporarily expand its
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coordination sphere. A similar explanation involving a
positive silicon o-hole and a linking oxygen is proposed
for Si-PETN. The greater exothermicity of the rearrange-
ment of 6 (and also Si-PETN) can be rationalized, fol-
lowing Liu et al., in terms of the formation of the strong
Si—O bond.
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1 PETN and Si-PETN

Pentaerythritol tetranitrate (PETN, 1) is a well-known
energetic compound, in the category of nitrate esters. It can
be prepared by reacting the corresponding tetrol with nitric
acid [1]. PETN has two polymorphs [2], the less common
(PETN II) occurring above 130 °C. Our focus shall be
solely upon PETN 1. It has a crystal density of 1.778 g/cm®
at 22 °C, with two molecules per unit cell [2].

CH,
OzN\N/\N/N02 O,N NO,
CH,-0-NO, k )
0,N-0-H,C—C—CH,-0-NO, N
CH,-O-NO, Il\IOz NO,
1 2 3

PETN has good detonation velocity and pressure,
slightly below those of RDX (2) but well above TNT (3)
[3]. It has been used extensively in blasting cap fillings,
detonation cords, demolition devices, industrial explosives,
etc. [3, 4]. However, PETN is quite sensitive to impact,
more so than RDX and much more than TNT; the required
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impact energies for 50% probability of ignition or explo-
sion are about 3.5 J (PETN), 6.3 J (RDX) and 38 J (TNT)
[3]. (These correspond to 2.5 kg drop heights of 14, 26 and
155 cm, respectively.)

An interesting feature of PETN is that its detonation
behavior has been observed to be direction-dependent
within the crystal. Imposing shocks parallel to the [110]
and [001] directions was found to lead to detonation,
whereas parallel to the [101] and [100] did not [5-7].
Earlier work had already shown that the detonation
velocities in the [110] and [001] directions differed, 8,887
versus 8,424 m/s, respectively [1].

In the context of these experimental observations, Kunz
demonstrated computationally that the band gap in PETN
decreased with pressure imposed in either the [001] or
[100] directions, but to a greater extent for the former [8].
Taken in conjunction with Gilman’s hypothesis that sen-
sitivity is related to metallization of the solid [9], Kunz’s
results are consistent with direction-dependent detonation,
as is also a molecular dynamics study of collision-induced
PETN decomposition by Wu et al. [10].

Recently has been reported the preparation of Si-PETN,
4 [11], a silicon analog of PETN. This again involved
treating the corresponding tetrol with nitric acid. A
remarkable feature of Si-PETN is its extreme sensitivity:
Impact is not necessary; just touching it with a spatula
invariably produced an explosion!

(|2H2-O—N02
0,N-0-H,C—Si—CH,-0-NO,

0,N-0-H,C
4

2 PETN and Si-PETN decomposition

The detonation of an energetic compound is believed to
proceed through its decomposition [4, 12]. Accordingly, in
an effort to understand why Si-PETN is so much more
sensitive that even PETN, Liu et al. [13] have compared
computationally several possible initial steps in PETN and
Si-PETN decomposition.

In PETN, this is generally believed to begin with rupture
of an O-NO, bond [10, 14-16], and Liu et al. did find this
to be one of the two energetically preferred options, the
other being HONO elimination. The corresponding pro-
cesses for Si-PETN had barriers similar to those obtained
for PETN, 35-40 kcal/mol.

Liu et al. [13] also examined the possibility of PETN, 1,
and Si-PETN, 4, decomposition beginning via the
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rearrangement shown in Eq. 1, in which the linking oxygen
interacts with the central carbon or silicon:

| ok |
f)f/C\O/N'§0 — f)‘(‘:

PETN,1: X=C
Si-PETN, 4: X = Si

—X—0 =0 D

Transition State

For PETN, the computed activation barrier for Eq. 1 was
approximately double those for O-NO, bond cleavage and
HONO elimination. For Si-PETN, however, it was 32 kcal/
mol, less than for any of the other processes considered for
either molecule; furthermore, the overall rearrangement
was found to be quite exothermic, AH ~ —45 kcal/mol
[13].

The results of Liu et al. indicate that PETN decomposes
via O-NO, cleavage and/or HONO elimination, whereas
Si-PETN does so via Eq. 1. They concluded that the
extreme sensitivity of Si-PETN can be attributed to (a) its
relatively low energy requirement for Eq. 1, significantly
less than for either of the likely initiating steps in PETN,
and (b) the exothermicity of the Si-PETN rearrangement,
which provides energy early in the decomposition that
promotes its further progress and expansion [13].

Why does Eq. 1 occur so much more readily for Si-
PETN than for PETN? Liu et al. [13] suggested that this is
partly due to the greater size of the silicon atom compared
to carbon, which facilitates, for the former, the enlargement
of its coordination sphere from four to five in forming the
transition state. While this argument is certainly reason-
able, we would like to look at the activation process in
greater detail. This will be done in terms of the reaction
force concept, which shall now be briefly summarized.

3 The reaction force

The energetics of a chemical process are commonly
depicted by the variation of the potential energy V(R) of
the system along an appropriate reaction coordinate R. A
typical profile of V(R) for a one-step process A — B is
presented in Fig. 1a; it shows the energies of the reactants,
transition state and products. Considerable additional
insight can be gained from V(R) by taking its negative
gradient along R, which yields the classically defined
reaction force F(R) (Fig. 1b) [17, 18].

_OV(R)

F(R) =~ @)

R is normally taken to be the intrinsic reaction coordinate.

For the V(R) in Fig. 1a, F(R) has a minimum at o and a
maximum at y, the inflection points of V(R). These parti-
tion the reaction, in a rigorous manner that is dictated only
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Fig. 1 Typical profiles of a the potential energy V(R) and b the
reaction force F(R), along the intrinsic reaction coordinate R. The
points R =o and R =y correspond to the minimum and the
maximum of F(R); the transition state is at R = . The zero of
F(R) is indicated

by the form of V(R), into three regions. The first is prior to
the F(R) minimum, A — o, the second is between the
minimum and maximum, o — 7, and the third is after the
maximum, y — B.

The general characteristics of these regions have been
examined in a series of studies, which include Sy2 sub-
stitution [19-21], Markovnikov and anti-Markovnikov
addition to a double bond [22], cycloaddition to olefins
[23], bond dissociation [24-26], proton transfer [27-32]
and nitro/aci tautomerization [33]. It was observed that the
first region, A — o, is usually dominated by structural
changes within the reactants, such as bond stretching,

rotations and angle-bending. F(R) reflects the resistance to
these changes, and is therefore increasingly retarding
(i.e. negative) up to the point o, at which the system can
generally be viewed as distorted states of the reactants.
In the second region, o — 7y, occurs the greatest part of
the transition to products, emphasizing electronic factors:
bonds breaking and new ones forming, rapid and extensive
changes in properties such as electrostatic potentials and
ionization energies, etc. All of this is manifested in a
growing driving force; thus F(R) increases steadily until it
reaches a maximum at y, the end of the transition region. At
this point, the system can often be regarded as distorted
versions of the products. Between y and B, these gradually
relax to their final states. The three regions are commonly
designated as reactant (A — o), transition (¢ — y) and
product (y — B).

A key feature of the reaction force is that it shows the
activation energy to be the sum of two components—the
energies needed to go (a) from the reactants to the force
minimum at ¢, and (b) from o to the transition state at f3:

AEact = V(ﬁ) - V(A)
= [V(B) = V()] + [V(2) = V(A)]
= AEact,Z + AEacl,l (3)

AE,., is largely the energy required to overcome the
system’s resistance to the structural changes in the reactant
region between A and «, while AE,., supports the first
portion of the transition to products, & — f.

This division of AE, into its two components helps to
explain how external agents, such as solvents and catalysts,
affect reaction rates, i.e. whether they change mainly the
structural (A — o) or the electronic (o — f§) component of
AE,., or both [20, 22, 32]. For example, in the SN2 sub-
stitution H,O 4+ CH3Cl — HCIl 4+ CH5OH, the effect of
aqueous solution was found to be not upon the transition
state but rather in promoting the initial C-Cl bond
stretching [20]. In the keto-enol tautomerization of thy-
mine, Mg(II) acting as a catalyst also affects the first
(reactant) portion of the activation process (prior to the
force minimum) [32]. On the other hand, in the addition of
HCI to H3C—CH=CHj,, chloroform solvent influences pri-
marily the second part of the activation, o — f,
approaching the transition state [22].

An additional insight into reaction mechanisms comes
from the reaction force constant x(R), which is the second
derivative of V(R):

_OV(R)  OF(R)
~ 0R> R

K(R) (4)

It follows from Eq. 4 that x(R) is negative throughout the

entire transition region between o and y [34, 35], in which
F(R) is increasing. Transition state spectroscopy led
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Zewail and Polanyi to conclude that a reaction has a con-
tinuum of transient, unstable configurations, a transition
region rather than a single transition state [36, 37]. The
reaction force constant x(R) reflects this continuum, and
shows that it is bounded by the minimum and the maxi-
mum of F(R), at which k(R) = 0.

4 Approach

Our objective is to better understand why the rearrange-
ment in Eq. 1 is so much favored for Si-PETN over PETN,
both kinetically and thermodynamically. In order to sim-
plify the computations, we have worked with the trimethyl
mononitrate analogs of PETN and Si-PETN, i.e. 5§ and 6.
Both of these are known and have been characterized [38].
The silicon compound is again by far the more sensitive;
the impact energy (drop height) of 6 was reported as >1J
(>4 cm), compared to >100 J (>408 cm) for 5. (The di-
and trinitrate analogs have also been synthesized [38], and
the silicon systems are similarly much more sensitive than
the carbon ones.)

Table 1 Comparison of computed and experimental structures
(0]
H, b

| - Ca ll\f\
—_— N\

X o~ (@)

| S

Distance (A) X=C X=Si
or angle (°) 5 - o -
1, PETN 5 (ED)® 5 (calc)* 6 (ED)° 6 (calc)®
(X-ray)*
X-C, 1.536 1.538 1.530 1.882 1.915
C,—O, 1.434 - 1.440 1.437 1.435
0,-N 1.397 - 1.404 1.435 1.416
N-O, 1.222 12104 1.203 12064  1.202
N-O, 1.207 12104 1.195 12064  1.195
X-C,~0, 107.5 106.9 107.6 108.3 106.3
C,—O0,—N 115.9 113.2 1144 113.6 114.5
0,~N-O, 128.8 128.7 129.8 131.3 130.1

 Crystallographic data, Ref. [2]

® Electron diffraction data, Ref. [40]

¢ Present calculations, B3PW91/6-311G(d,p)
d Averages of N-Oy, N-O, distances

(H3C),C — CH,0NO, (H;C),Si — CH,0ONO, (HsC),C — OCH,0ONO (H;C),Si — OCH,0ONO

5 6

8

The optimized geometries and the enthalpies along the
intrinsic reaction coordinates for the rearrangements 5 — 7
and 6 — 8, Eq. 1, were calculated at the density functional
B3PWO91/6-311G(d,p) level using Gaussian 03 [39]. In
Table 1, our optimized geometries for § and 6 are compared
to those obtained by electron diffraction [40] and also the
molecular structure determined crystallographically for
PETN [2]. Particularly pleasing is the good agreement with
PETN, which provides some support for modeling Eq. 1 in
terms of 5 and 6. More will be forthcoming.

5 Reaction force analysis

In Table 2 are presented the computed structures, relative
enthalpies at 298 K and key interatomic distances and angles
at five points along the intrinsic reaction coordinate for the
rearrangement 5 — 7, Eq. 1; these points correspond to the
ground state of 5, the minimum of the reaction force at o,
the transition state at f3, the reaction force maximum at y and
the final rearrangement product 7. Table 3 gives the same
data for 6 — 8. Table 4 summarizes the total activation
enthalpy AH, for each process, its two components AH,. ; and
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AH, corresponding to the portions of the activation before
and after the F(R) minimum, and finally the overall AH ;.

In terms of AH, and AH,,, the rearrangements of 5
and 6 show exactly the same features as were found by Liu
et al. [13] for PETN and Si-PETN. The activation barriers
are relatively low for both silicon-containing molecules,
32-33 kcal/mol for Si-PETN and 6, and more than twice as
high for the carbon analogs. The reactions are quite exo-
thermic for Si-PETN and 6, with overall AH,,, (298 K) of
—40 to —45 kcal/mol, compared to just —10 to —14 kcal/
mol for PETN and 5. These similarities between PETN and
5 and between Si-PETN and 6 are reassuring with respect
to using 5 and 6 to model PETN and Si-PETN.

To analyze why the activation barrier is so much smaller
for 6 than for 5, we first look at its components in each
case, AH,.; and AH,.,. Table 4 shows that the major
difference in the activation energetics of 5 and 6 is in the
initial portion of the process, in the reactant region prior to
the F(R) minimum at «, which typically involves mainly
structural changes. For 5, these changes require 44.7 kcal/
mol, compared to only 18.9 kcal/mol for 6. Thus, 71% of
the difference in the overall activation barriers reflects what
is happening in the respective reactant regions.
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Table 4 Computed activation enthalpies AH,, their components AH,.; and AH,.,, and the overall enthalpy of reaction, AH,y,, for the

reactions shown in Eq. 1, at 298 K

Reaction AHact, 1 AI~Iac:t,2 AHact AI{rxn
(H53C);CC,H,0,NO,0. (5) —» (H3C);CO,C,H,0,NO, (7) 447 24.6 69.3 —-9.7
(H5C);3SiC,H,0O,NO,O, (6) — (H3C);Si0,C,H,0,NO, (8) 18.9 14.1 33.0 —40.0

Values are in kcal/mol. Computational level: B3PW91/6-311G(d,p)

Fig. 2 Computed electrostatic potential on the 0.001 au molecular
surface of (H3C);Si—CN. The three methyl groups face the reader; the
CN is pointing into the paper, the nitrogen being visible (blue) at the
top. Color ranges, in kcal/mol, are: blue <0.0 (negative), green
between 0.0 and 14.1, yellow between 14.1 and 21.3, red >21.3. Black
circles indicate local surface maxima. The most positive is a positive
o-hole (red), of magnitude 25.7 kcal/mol, induced on the silicon by
the strongly electron-withdrawing CN group, on the extension of the
NC-Si bond. One of the o—holes on the extensions of the H;C-Si
bonds, 15.1 kcal/mol, is in the upper central part of the figure. Next to
both of the g—holes shown are local maxima of 15.8-20.0 kcal/mol
due to methyl hydrogens

What is it that is happening? Tables 2 and 3 show a
variety of structural effects for both 5 and 6 in the regions
before the F(R) minima. For 5, the dominant ones are the
stretching of two bonds: the C-C, by 0.277 A and the O,—
N by fully 0.645 A. This requires energy. In 6, on the other
hand, the Si—C, and O,—N bonds lengthen by only 0.061
and 0.194 A in the reactant region. What is important here
for 6 is that the nonbonded Si and O, atoms move closer to
each other by 0.450 A. This is reflected in the Si-C,—0,
angle decreasing by 24.8°. The approach of O, to Si, which
will lead eventually to the formation of the Si-O, bond,
should already be accompanied by a significant release of
energy, given the strengths of Si—O bonds (see [41], and

also the next section of this paper). Thus, 6 needs less
energy than 5 in the reactant region (before o) because (a)
it is undergoing less bond stretching, and (b) it is benefiting
from the favorable Si - - - O, interaction.

In the second portion of the activation process of 5,
between the F(R) minimum at « and the transition state at
B, the C-C, and O,~N bonds start to break and C and O,
begin to bond, as do C, and Oy. The latter interactions
bring AH,., down to 24.6 kcal/mole for 5. However, 6
again requires less energy. Between o and f3, the breaking
of the Si—C, and O,—N bonds in 6 proceeds rather slowly,
while Si and O, come closer by another 0.322 A and the
Si-C,—O, angle is reduced by 19.1°, taking a big step
toward Si—O, bond formation. Thus, AH,» is also less for
6 than for 5 (Table 4), although not nearly by as much as
AHact,l-

The difference in the activation barriers of 5 and 6 can
therefore be attributed to their contrasting pathways from
reactant — o — transition state: 5 begins with energy-
consuming bond stretchings and then breakings, largely
delaying energy-releasing bond formation until after the
transition state. The silicon analog 6, on the other hand, is
slower to begin the energy-demanding steps, but starts right
away to benefit from the eventual formation of a strong Si—
O bond.

As suggested by Liu et al. [13] for Si-PETN, one factor
in the O, in 6 being able to immediately move toward the
silicon is the size of the latter atom, which allows it to
accommodate the approaching oxygen while essentially
maintaining four covalent bonds. The relatively small
central carbon in 5, on the other hand, must make room for
0, by C, moving out of the way. But what is the driving
force for the approach of O, to Si? We believe that it is the
presence of a favorable Si - - - O, interaction already in the
ground state of 6. Indeed, short Si---O, contacts have
been found crystallographically in the dinitrate analog of 6
[38, 40]. Mitzel et al. have observed unexpectedly small
intramolecular 1,3 Si-N and Si-O distances and Si—-Z-N
and Si—Z-0 angles in molecules such as CIH,SiON(CH3),,
(F5C)F,SiON(CH3;),, and H3SiN(CH3)OCH; [42—44].

The origin of the Si - - - O, interaction in 6, as well as those
observed by Mitzel et al., can readily be explained. When
Group IV-VII atoms form covalent bonds, the outer (non-
involved) lobe of the bonding orbital undergoes a depletion
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in electronic density. This has been labeled a 6—hole [45-47].
If the depletion is sufficiently great, there results a region of
positive electrostatic potential with a local surface maxi-
mum. c-Holes become more positive, and the resulting
interactions stronger, for the more polarizable, i.e. larger
atoms in a Group, and usually as the remainder of the mole-
cule becomes more electron-withdrawing [46—49].

As an example, in Fig. 2 is displayed the electrostatic
potential on the molecular surface of Si(CH3);CN, com-
puted using the WFA Surface Analysis Suite [50]. The
surface is taken to be the 0.001 au (electrons/Bohr3) con-
tour of the electronic density, as proposed by Bader et al.
[51]. There are four positive g—holes on the silicon surface,
each corresponding to a local maximum of the electrostatic
potential. The largest in magnitude is 25.7 kcal/mol on the
extension of the bond from the strongly electron-with-
drawing CN group; the others are 15.1 kcal/mol, on the
extensions of the H;C—Si bonds. The methyl hydrogens are
also positive, with local maxima ranging from 15.8 to
20.0 kcal/mol.

A positive o-hole can interact electrostatically with a
negative site (such as O, of 6), either inter- or intramole-
cularly. There is a great deal of evidence, both experimental
[52-59] and computational [45-49, 60—62], attesting to the
significance of such interactions. (They are called “halogen
bonds” when the o-hole is on a halogen atom.) Very
recently, complex formation between SiF, and di- and tri-
amines has been interpreted in terms of electrostatic inter-
actions between the lone pairs of the amine nitrogens and
the Si o—holes induced by the four F-Si bonds [62].

We have also computed the molecular surface electro-
static potential of 6, which should intrinsically be quite
similar to that shown for Si(CH3);CN in Fig. 2. However,
three of the four local maxima on the silicon in 6 are
masked; one of the three o—holes on the extensions of the
H;C-Si bonds is involved in the Si - - - O, intramolecular
interaction, and the other two are difficult to distinguish
because of the long and bulky —-CH,—~ONO, group. We are
accordingly not showing the surface potential plot of 6.
The only silicon g-hole in 6 that would clearly be seen is
the strongest, 18.0 kcal/mol, on the extension of the bond
from the electron-withdrawing —CH,—~ONO, group. There
are also local maxima on the methyl hydrogens of 6.

The driving force for the approach of O, to Si in 6 is the
interaction between O, and (a) a silicon g-hole along the
extension of an H3C-Si bond, analogous to that seen in
Fig. 2, and (b) the neighboring methyl hydrogens. The
corresponding interaction is much weaker in 5, for which
we found that the central carbon, being less polarizable
than silicon, has no positive o-holes whatsoever. The
strength of this interaction in 6, and the fact that the size of
the silicon atom allows it to proceed without prior
stretching of other bonds, explain the low energy
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requirement for reaching the force minimum (AH,; of
18.9 kcal/mol for 6 vs. 44.7 kcal/mol for 5§).

6 Exothermicities of rearrangements

Liu et al. [13] ascribed the much greater exothermicity of
the Si-PETN rearrangement to the strength of the Si-O
bond that is formed. We can provide some quantitative
support for this explanation.

If one looks only at the bonds broken and formed in the
rearrangements of 5 and 6, the differences between the
two processes are breaking C—C, versus Si—C, and forming
C-0, versus Si-0,. The former two bonds tend to have
roughly similar dissociation enthalpies [41]; thus, as a very
crude approximation, it could be suggested that the dif-
ference in the overall AH,,, of the two rearrangements can
be estimated by comparing the AH for forming the C-O,
and Si—O, bonds in 7 and 8. Since Si—O bond enthalpies,
while generally larger in magnitude, tend to be quite var-
iable [41], we have computed AH for the formation of the
C-0O, bond in 7 and the Si—O, bond in 8. The was done at
the B3PW91/6-314++G(3d,2p) level, using B3PW91/6-
311G(d,p) optimized geometries.

The results are:

(H3C);C - + - OCH,ONO — 7
AH (298 K) = —79.5kcal /mol (5)

(H3C);Si - + - OCH,ONO — 8
AH (298 K) = —112.7 kcal /mol (6)

Taking the difference as a measure of the relative exo-
thermicities of the rearrangements of 5 and 6, we have that
of 6 being more exothermic by 33.2 kcal/mol. This is,
perhaps fortuitously, quite close to the 30.3 kcal/mol dif-
ference between the computed AH,,, in Table 4.

7 Discussion and summary

Our objective in this investigation has been to better
understand why the rearrangement in Eq. 1 is so much
more (a) facile and (b) exothermic for Si-PETN than for
PETN. We used 5 and 6 as models for PETN and Si-PETN,
which seems justified because 5 and 6 have nearly the same
relative activation barriers and exothermicities for Eq. 1 as
do PETN and Si-PETN.

Reaction force analysis shows that most of the differ-
ence in the activation energies of 5§ and 6 reflects the
greater ease with which 6 reaches the F(R) minimum at «;
it requires only 18.9 kcal/mol in this first (reactant) region
versus 44.7 kcal/mol for 5. This is because the size of the
silicon atom permits 6 to immediately benefit from an
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energy-releasing intramolecular electrostatic interaction
between O, and a positive g—hole on the silicon plus the
surrounding methyl hydrogens. The corresponding inter-
action in 5 is not nearly as strong because we found the
central carbon to lack positive o—holes; furthermore, the
approach of O, has to be delayed until after C, has moved
away.

We propose that analogous interactions between linking
oxygens and silicon positive g—holes are occurring in Si-
PETN. There are no methyl hydrogens involved, but the
silicon o—holes in Si-PETN should be more positive
because the silicon is bonded to four electron-withdrawing
—CH,-ONO, groups, rather than one as in 6. For example,
whereas the local maximum potential induced by the single
—CH,-ONO, in 6 is 18.0 kcal/mol, we found the two in the
dinitrate silicon analog to each be 30.6 kcal/mol. The much
lower activation barrier for Si-PETN than for PETN in
Eq. 1 can therefore be explained in terms of the Si- - - O,
interaction in conjunction with the large size of silicon that
allows it to progress without delay toward Si—O, bond
formation.

If at least one —CH,—ONO, group in Si-PETN under-
goes the rearrangement in Eq. 1, a significant amount of
energy is produced. This has been rationalized on the basis
of the strength of the Si—O bond that is created (Sect. 6 and
[13]). This energy is more than enough to allow a second
—CH,—-ONO, to overcome the barrier to rearrangement.
However, it might also be used for further steps involving
the rearranged group. To examine this possibility, we
computed the dissociation enthalpies of the OCH,—~ONO
and the O-NO bonds in 8, which is the rearranged form of
6. The B3PW91/6-31++G(3d,2p)//B3PW91/6-311G(d,p)
procedure was again utilized. The results are:

8 — (H3C);Si — O(H,)C - + - ONO (7)
AH (298 K) = 49.7 kcal /mol

8 — (H3C);Si — OCH,0 - + - NO ()
AH (298 K) = 32.7 kcal/mol

The second of these is less than the exothermicity of the
rearrangement of 6, and could well be a follow-up step in
the decomposition. This remains to be investigated.
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