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Decomposition studies of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX-C3H6N6O6, see Fig. 1!
isolated in the gas phase and cooled in a supersonic expansion are reported for the excited electronic
state near 225 nm. The RDX is handled safely and effectively through matrix-assisted laser
desorption~MALD ! of a thin film of RDX/R6G laser dye~1:1! adsorbed on an aluminum oxide
coating on an aluminum drum. The aluminum oxide coating is generated by plasma electrolytic
oxidation of aluminum. The combination of MALD and supersonic molecular beam techniques
generates intact and cold RDX molecules isolated in the gas phase. Two basic conclusions are
reached in this study.~1! Photodissociation of RDX at'225 nm generates NO as an initial product.
~2! Nascent NO thus generated is vibrationally hot (Tvib;1800 K! and rotationally cold (Trot

;20 K!. © 2000 American Institute of Physics.@S0021-9606~00!01142-9#

I. INTRODUCTION

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX-
C3H6N6O6, see Fig. 1! is an energetic material with broad
applications as an explosive and a fuel. An energetic material
is any compound with a C:H:N:O ratio close to 1:1:1:1. This
classification includes both cyclic and noncyclic species such
as HMX (C4H8N8O8), TNT (C7H5N3O6), TNAZ
(C3H4N3O6), ADN (NH4N~NO2)2), NA ~H2NNO2), DMNA
((CH3)2NNO2), and many others.1 Past studies of energetic
material decomposition reactions have focused mainly on the
ground electronic state in the condensed phase with the ini-
tiation stimulus being such events as thermal pulses, shocks,
sparks, and various laser pulses. Experimental, theoretical,
and simulation studies have all been pursued.2 Elucidation of
the detailed fundamental steps in the initiation and propaga-
tion phases of energetic material decomposition reactions is
central for understanding, controlling, and enhancing the per-
formance of these materials as fuels and explosives. The ef-
ficient use of these materials for combustion and explosion
also presents a number of environmental issues. Addition-
ally, such an in-depth and molecular understanding of the
chemistry of energetic materials should lead to suggestions
concerning their performance enhancement and even new
candidate molecules for synthesis.

Unimolecular fragmentation and pathways and energy
partitioning amongst product species and degrees of freedom
depend sensitively on the state of the reactant molecule.
Even for similar systems such as nitro-containing aromatics,
alkanes, nitramines, saturated heterocyclics, etc., initial prod-
ucts of the dissociation process can very considerably; for
example, the first step in dissociation can yield HONO, NO2,
NO, NNO2, CH2NNO2, . . . , depending on reactant energy
content, partitioning~electronic, vibrational, rotation!, and
state. These issues become particularly compelling for the
rapid decomposition of highly energetic molecules such as
RDX.

The decomposition of energetic materials can be initi-

ated with a shock wave or a spark into a solid sample. In
both cases, very large electric fields ('108 V/cm! are gen-
erated as crystal planes sheer or as the spark propagates.
Such events in solids generate molecules in highly excited
electronic states. Clearly, the decomposition of solid ener-
getic materials under shock, spark, laser, or plasma ignition
must include contributions from both ground and excited
electronic state species. Excitation in the UV can markedly
reduce the power requirements for detonation of some sec-
ondary explosives. Therefore, elucidation of the initial steps
of RDX decomposition from excited electronic states is an
important goal to pursue.

A number of experimental and theoretical studies have
been conducted to investigate the physicochemical properties
of RDX.3 To date, the majority of decomposition studies of
energetic materials are for the ground electronic state. In
addition, a variety of prototype, model energetic molecules
has been examined to explore the kinetics and reaction
mechanisms of the decomposition processes.4 Different
mechanisms have been suggested for the decomposition of
RDX, depending on the initiation processes, system phase,
and the physical condition of RDX. Nitramine~N–N! bond
rupture,5 the concerted decomposition into CH2NNO2,

6 in-
ternal ring formation and HONO generation,5~a! and other
heterogeneous mechanisms7 have all been proposed.

Most of the RDX decomposition studies in condensed
phase have suggested that C–N bond rupture is its primary
reaction step to give NO, N2O, H2, CO, CH2O, and CO2.

8

One study suggests that C–H bond breakage is the rate-
determining step for RDX decomposition.9 An x-ray photo-
electron spectroscopy study of shock-induced decomposition
of powered RDX shows that N–N bond scission occurs in
such samples.10 When decomposition is studied at higher
temperatures producing gas phase molecules, two other
mechanisms predominate. The first pathway involves an NO2

stripping mechanism in which all three NO2 groups are re-
moved before the triazine fragment decomposes to form
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HCN and, presumably, H2.
5~b! The second pathway, which

clearly has been identified as a concerted reaction in molecu-
lar beam studies,6 is a symmetric triple fission to form
CH2NNO2 fragments that then further decompose to form
CH2O and N2O. From the study of 248 nm photodecompo-
sition of RDX, another interesting initial step has been pro-
posed through the observation of OH emission.5(a) The most
likely mechanism for OH production is unimolecular decom-
position of RDX via a five-membered ring formation
~CHONN!. The immediate precursor of OH in this mecha-
nism is probably the primary fragment HONO. Depending
on the experimental conditions, eventually all the above pos-
sible six pathways can be suggested as an initial step for the
decomposition of RDX. Since these studies have been con-
ducted with solid RDX or highly heated RDX~mostly above
200 °C!, the behavior of single RDX molecules is difficult to
extract. Solid state chemical reactions or thermal decompo-
sition reactions could control and mask the behavior of
single RDX molecules.

Through studies of intact, isolated RDX molecules, one
can access such fundamental information as unimolecular
decomposition pathways, decomposition rates, and energy
distributions of the initial species in the reaction/
fragmentation processes. This information will serve as a
reference point from which to consider and analyze con-
densed phase behavior and various applications under stan-
dard ignition conditions. In order to study the decomposition
of an individual RDX molecule from excited electronic
states, intact RDX molecules should be generated and en-
trained in a supersonic molecular beam. Under these condi-
tions, one can remove the effect of intermolecular interac-
tions on decomposition. Matrix-assisted laser desorption
ionization ~MALDI ! has proved to be a viable technique to
obtain intact molecular ions of medium size molecules in the
gas phase.11 In addition, intact neutral molecules can be pro-
duced with this technique for nonvolatile and fragile large
molecules~MALD process!. The combination of MALD and
supersonic molecular beam techniques enables optical spec-
troscopy studies for individual molecules that cannot be in-
vestigated otherwise.12

In the present work, MALD has been successfully com-

bined with molecular beam techniques. The sample prepara-
tion method and the proper experimental parameters are es-
tablished to obtain constant and stable sample introduction
for more than 6 h. The desorption laser beam
(;106 W/cm2) does not disturb the molecular beam dynam-
ics from the nozzle. This setup is applied to the dissociation
study of an explosive, RDX. In our studies thus far, we fol-
low the initial NO product of RDX dissociation from excited
state potential energy surfaces and characterize its rotational,
vibrational, and electronic states. The basic conclusions we
reach are that~1! product NO is vibrationally hot~;1800 K!
but is rotationally cold~;20 K! in the dissociation process at
'44 200 cm21 of RDX excitation energy, and~2! intact and
cold RDX can be obtained by the combination of matrix-
assisted laser desorption~MALD ! and molecular beam tech-
niques. By comparing the NO signals for photofragmented
model systems, CH3NO2, C6H5NO2, C6H4(NO2)2 , NO2,
and HONO, the dynamics of RDX in excited electronic
states can be investigated to determine that NO is fragmented
directly from the photolysis of RDX using UV photons
above 38 650 cm21 in energy.

II. EXPERIMENT

In order to obtain a supersonic molecular beam of non-
volatile, thermally unstable solid samples like RDX, a laser
desorption~LD! approach is adapted and combined with the
supersonic jet technique. The desorbed molecules must be
efficiently entrained in the high-pressure throat region of a
pulsed supersonic expansion to produce sufficient jet cooling
to give well-resolved rovibronic spectra. In our experiment,
this is accomplished using a desorption nozzle assembly
similar to that described previously by Smalley.13 In this
assembly a LD extension block is attached to a pulsed super-
sonic nozzle~Jordan Company, PSV!.

The desorbed molecules are released and entrained into
supersonic expansion within the extension block. The exten-
sion block consists of a stepper motor and gears, a shaft for
a sample holder, a sample holder, a flow channel, a laser
beam inlet hole, and a laser beam alignment hole. At the
center of the extension block, a flow channel of 2 mm diam
and about 6 cm long is aligned with the nozzle orifice~2 mm
diam!. This flow channel does not change the supersonic
nozzle performance significantly, although the final expan-
sion pressure is reduced by a rough factor of 5–10. The
rotational distribution of small molecules is thus not as nar-
row as would be expected from an unmodified nozzle; the
rotational temperature of NO gas increases to'11 K from
'2 K with the addition of the laser ablation/desorption ex-
tension block to the normal supersonic nozzle. For large
molecules, this effect is negligible.

The ablation laser beam inlet channel of 1 mm diam is
perpendicular to the gas/sample flow channel. The sample
holder is made of Al and has a right circular cylindrical
shape. The dimensions of the Al drum are 38.79 mm and
27.03 mm for the outer diameter and the inner diameters,
respectively, with a 20 mm height. The sample drum is in-
stalled in the extension block on a shaft that can be simulta-
neously rotated and translated through the combination of a

FIG. 1. Molecular structures of RDX and other energetic materials.
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stepper motor and gears. The whole sample holder setup is
designed for the sample surface to be tangential to the gas
flow channel.

The use of laser desorption as a source of molecules for
laser spectroscopy requires the production of a stable supply
of sample vapor pulses for extended periods of time. This
condition can be achieved by preparing a porous and smooth
surface for even deposition of a sample. In our experiments,
such a surface is obtained using an aluminum oxide thin film
coated on an aluminum drum. The aluminum oxide thin film
is generated by plasma electrolytic oxidation.14 An Al drum
as an anode is immersed into the electrolytic solution, and dc
voltage of 120–150 V is applied to maintain a current of
1.0–1.5 A. The electrolytic solution is composed of NaF,
Na2B4O7, (NH4)2HPO4, and NaH2PO4 with the concentra-
tion of 0.6, 0.1, 0.1, and 0.5 M, respectively. Under these
conditions, a plasma is formed on the surface of the Al drum
and oxidizes it. Ag-Al2O3 film about 10mm thick can be
produced on the Al drum surface within 10 min. The coated
surface is smooth with a grain size of less than 10mm.

Equimolar quantities (431025 mol! of the sample and a
matrix substance are dissolved in an appropriate solvent,
mainly acetone in this experiment. The laser dye R6G is
chosen as a matrix substance because of its absorption coef-
ficient at 532 nm. A mixture of RDX or 1,4-dinitobenzene
and R6G at 1:1 molar concentration is sprayed on the pre-
pared drum. An air atomizing spray nozzle~Spraying System
Co.! with siphon pressure of 20 psig is used to deposit the
RDX/R6G sample on the drum surface. During the spraying,
the drum is heated with a halogen lamp to help solvent dry
and rotated with a clock motor for homogeneous coating.

The prepared sample is placed in the extension block
and irradiated with a 532 nm laser beam focused with a 1000
mm focal length lens. The desorption spot is approximately
2.75 cm downstream from the nozzle orifice. The laser beam
radiant energy right after the lens is set to be about 300
mJ/pulse by putting an orifice of 1–3 mm in front of the lens.
The laser intensity is determined by dividing the laser beam
radiant energy measured with an Ophir PE10-SH pyroelec-
tric probe by the laser beam pulse width~;7 ns! and the
laser beam area at the sample holder surface. The size of the
laser beam spot on the sample holder surface is adjusted to
be 1.0 mm diam at the sample holder surface. This yields the
laser intensity of about 53106 W/cm2. As depicted in Fig.
2, NO gas distribution in the supersonic beam with the LD
laser on is almost same as that with the LD laser off. The
pulse shape and width of 50ms FWHM is typical of this kind
of commercial pulsed valve.

Desorbed, undissociated molecular vapor is entrained in
a supersonic molecular beam of 10% Ar/He. By rotating and
translating the sample drum, fresh sample can be supplied
continuously for each laser shot. With the given size drum,
fresh sample can be supplied for more than 6 h continuously.
About 3.25 cm downstream from the desorption spot the
desorbed molecules entrained in the carrier gas flow into a
vacuum chamber and are carried by ensuing molecular beam
through a 2 mmskimmer into the ion source of a Willey–
McLaren-type time-of-flight mass spectrometer~TOFMS!.

Another laser is used to probe the desorbed sample mol-

ecules. In this experiment, the probe laser is applied to in-
duce photodissociation of sample molecules and to ionize
photodissociated NO via itsA(v850,1)←X(v950 – 3) and
I←A transitions. The NO1 is then detected, mass selec-
tively, in the TOFMS. If necessary, the laser beam is focused
by a lens of 360 mm focal length. In order to obtain the
proper UV photons for this process, a dye laser output is
doubled and then mixed with the fundamental output of a
Nd:YAG laser. The frequency doubled output~532 nm! of
the fundamental~1.064 mm! Nd:YAG laser ~Spectra Phys-
ics, GCR-3! is used for pumping the dye laser. The four dyes
required to cover the NOA←X transitions are a mixture of
R610 and R590 for~0–0! and~1–1!, R640 for~0–1!, DCM
for ~0–2!, and LDs 689 for~1–3! and ~0–3!. Energy of the
UV laser output is 0.2–0.5 mJ/pulse depending on the exact
wavelength of interest. This implies that the laser intensity
becomes 1.3– 2.13108 W/cm2 as the laser beam is focused
with a lens of 360 mm focal length.

Timing of the pulsed valve and the probe laser relative to
the desorption laser is controlled through time delay genera-
tors ~SRS, DG535!. The NO1 ions detected by the micro-
channel plate~MCP! in TOFMS are recorded on a PC
through an ADC card~Analog Devices, RTI-800! and a box-
car averager~SRS, SR250!. For velocity distribution mea-
surements, the chamber working pressure and pulsed valve
timing are kept constant and unchanged as the timing of the
probe laser is swept. The detailed experimental scheme is
depicted in Fig. 3.

In order to estimate the vibrational temperature of pho-
tofragmented NO from RDX, a Boltzmann distribution cal-
culation is applied using the ratios of each vibronic transition
intensity to that of the 00

0 transition. To estimate the rota-
tional temperature of NO, the rotation spectrum of the 00

0

transition is simulated with the estimated temperature using
diatomic molecular rotational level calculation software de-
veloped at Sandia National Laboratory.15

RDX is received from Lawrence Livermore Laboratory
and used without any further treatment. R6G dye is pur-
chased from Eastman Kodak Co. and is used as received. For
one experiment, 10 mg of RDX and 25 mg of R6G are

FIG. 2. NO distribution in the molecular beam of our MALD supersonic
nozzle with and without LD laser.
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dissolved in acetone and sprayed. Other samples are exam-
ined to determine and prove the source of NO. These
samples are NO gas, NO2 gas, nitromethane~NM!, nitroben-
zene ~NBZ!, and 1,4-dinitrobenzene~DNBZ!. All are pur-
chased from Aldrich and used without any further treatment.
For the NO2 gas experiment, a significant amount of oxygen
gas~10%! is included in the sample vessel in order to sup-
press the formation of NO as a contaminant. The mixture of
NO2 ~0.5%! and O2 ~10%! is prepared in He gas premixed
with 10% Ar. This mixture is delivered through PVC tubing
to the pulsed valve and then expanded into the vacuum
chamber with a total pressure of 100 psig through the above
described nozzle with and without the extension block for
MALD. In order to generate enough vapor pressure, NBZ is
heated to 40 °C. The laser desorption technique is also used
for hexamethylenetetramine~HMT!, tyramine, and DNBZ to
test the process. For all the samples, He gas is premixed with
10% Ar and used as the expansion gas at a total pressure of
100 psig.

III. RESULTS AND DISCUSSION

Spectra of NO excited fromX(v950,1,2,3) to A(v8
50) are obtained from laser desorbed RDX as presented in
Fig. 4. All the spectra show almost the same pattern except
for intensity; each spectrum shows one strong peak, which
can be assigned as the (Q111P21) band for each vibrational
transition,16 and other lower intensity rotational peaks that
are spread within 100 cm21 about the (Q111P21) band. Such
a pattern can also be observed for the other transitions, like
the ~1–1! and ~1–3! transitions, for example, as shown in
Fig. 5. From the simulation of the NO~0–0! rotational spec-
trum, the rotational temperature of NO from RDX can be
estimated asTrot5;20 K ~see Fig. 6!. NO gas, under the
same expansion conditions, is found to have a rotational tem-
perature of;11 K.

A strongly wavelength-dependent signature is obtained
for the NOA←X vibronic transitions due to the populations
of v950,1,2,3. In an attempt to obtainA←X ~0–4! spec-
trum, no significant signal is observed. The ratio of the in-
tensities of the (Q111P21) band of each vibration are (v9

50):(v951):(v952):(v953)51:0.22:0.05:0.02. These values
are quite different from a Boltzmann population distribution
of T5300 K and below. These observed ratios can be well
fitted to a Boltzmann distribution with a temperature of about
1800 K. This fitting is represented in Fig. 7. For NO gas
itself, the transitions fromv952,3 cannot be observed. In
addition, the molecular beam distribution of NO from the
laser desorbed RDX is different from that of NO gas. As
displayed in Fig. 8, only a distribution width of 10ms
FWHM can be produced for NO from the laser desorbed
RDX. A 50 ms FWHM distribution is detected for NO gas,
as is typically for this kind of commercial nozzle. These
experimental results clearly indicated that the detected NO
molecules are not from NO contamination, but are related to
the generation/photolysis of RDX.

Since the laser desorption process is employed in the
present experiment, however, the above results do not distin-
guish, in principle, whether the photolysis of RDX occurs at
the ionization region of TOFMS or at the LD sampling re-
gion within the extension block. If fragmented NO is pro-
duced in the latter instance, it would be entrained in the
backing gas and expanded to the ionization region. The NO
spectrum obtained through this process should be nearly the
same as that obtained from NO gas from a supersonic nozzle.
If the photolysis of RDX would happen at the ionization
region of TOFMS, on the other hand, it would provide dif-
ferent NO molecules from these provided by NO gas mo-
lecular supersonic jet expansion. In this case, the spectrum of

FIG. 3. Schematic drawing of experimental setup for the present work~DG
5delay generator!.

FIG. 4. NO spectraA (v850)←X (v950,1,2,3). Each transition and its
relative intensity to the NO~0–0! transition are indicated in the figure. NO
is generated from the photodissociation of RDX.
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fragmented NO should be substantially different from that of
NO gas from a supersonic nozzle. In Fig. 9, the spectra at the
~0–1! transition are clearly not the same; the rotational tem-
perature of NO from the desorption of RDX is much lower
than that found for NO gas from a supersonic expansion
nozzle. This result implies that the fragmented NO is

generated from the photolysis of RDX at the ionization re-
gion. The logic behind this conclusion is as follows:~1! NO
from RDX MALD hasTvib;1800 K, so the vibrational cool-
ing of NO is not very good if the NO comes from the nozzle;
~2! the rotational cooling of NO from RDX MALD is very
good asTrot ~0–1!;20 K; ~3! but nozzle cooling of gaseous
NO givesTrot ~0–1!;100 K andTvib;200 K; and~4! there-
fore, assuming NO from RDX MALD comes from the
nozzle and not the TOFMS ion source presents a logical
inconsistency with hot vibrational levels and cold rotational
levels from the same nozzle. Apparently, rotational and vi-
brational cooling of gas phase NO expanded from our nozzle
are comparable for the higher vibrational levelX (v951),
so the only way that NO from RDX MALD could have
Tvib;100 Trot is if this temperature disparity exists in the
dissociation process. The following velocity slip experiment
confirms the present interpretation and proves that NO is
generated at the TOFMS ionization region.

FIG. 5. NO/RDX spectra of the~1–1! and ~1–3! transitions. These spectra
look very similar to the other transitions obtained from nascent NO derived
from RDX photodissociation~see Fig. 4!.

FIG. 6. Simulation of the NO rotational spectrum at the~0–0! transition
obtained by RDX photolysis. The dotted line is the simulated spectrum fit to
the experimental spectrum~solid line!. The rotational temperature is deter-
mined to be 20 K.

FIG. 7. Boltzmann distribution calculation for determining the vibrational
temperature of fragmented NO from photolysis of RDX. Ratios of the
(Q111P21) band intensity of each vibrational transition to that of~0–0! are
used to determineTvib;1800 K.

FIG. 8. A comparison between the detected distributions of NO TOFMS
intensity from two different sources:~1! Gas phase NO expanded through a
supersonic nozzle~triangles!; and ~2! gas phase NO derived from MALD-
generated RDX fragmented at the TOFMS ion source region~squares!.
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In a molecular beam, the velocity distribution of a
sample molecule is known to be dependent upon its molecu-
lar mass; light molecules travel faster than heavy ones. This
timing shift of the velocity distribution~the velocity slip! in
the molecular beam has been used to match photofragmented
species to their parent molecules.17 The velocity distribution
of the photofragmented NO from laser desorbed RDX shows
a different arrival time compared to that of NO gas itself or
other vapor samples examined. The velocity distributions of
gas phase molecules are almost matched to the gas pulse
shape of the commercial pulsed valve, the FWHM of the
distribution is about 50ms; however, that of the photofrag-
mented NO is about 10ms as seen in Fig. 8. This value is
exactly the same as the velocity distribution of laser des-
orbed hexamethylenetetramine~HMT!. Also, the photofrag-
mented C3 from R6G, which is the matrix compound used,
shows exactly the same velocity distribution; the FWHM is
about 10ms. Even though the pattern of each velocity distri-
bution looks the same, a velocity slip is observed. The maxi-
mum intensity position of HMT~mass 146! is about 2ms
earlier than that of RDX~mass 222!, while that of R6G
~mass 479! is about 4ms later, as depicted in Fig. 10. One
should note that this measurement has been conducted with
NO for RDX, C3 for R6G, and the parent molecule for HMT
at the ionization region of the TOFMS. These observations
make clear that the photofragmented NO species has come
from a molecule that is heavier than HMT and that is lighter
than the parent molecule for C3, R6G. In this experiment,
such a molecule must be RDX.

Therefore, these results@that is, the velocity distribution,
the spectrum of NOA←X at ~0–1!, and the velocity slip
data# lead to the conclusion that the photofragmented NO
species from RDX is generated at the ionization region of the
TOFMS. This fact indicates that, using a MALD technique,
intact gas phase RDX can be generated from the solid and
entrained in the supersonic beam. This allows the initial fun-
damental steps in the decomposition of isolated RDX from

its excited electronic states to be investigated.
Even though the above results determine that the source

of NO is the photolysis of isolated, gas phase RDX, they do
not reveal the initial reaction pathway that produces NO.
When the photolysis of RDX occurs, it could produce sev-
eral possible fragmented products as the initial step in the
dissociation to generate NO. Since these processes could
happen within several hundred femtoseconds, one cannot
distinguish each step, if a multistep process occurs, using a
ns laser. From previous studies on the dissociation of RDX
by thermal or laser photolysis,5–10 one can choose several
species as possible candidates for a primary product; these
include NO2, HONO, or CH2NNO2. In order to investigate
the initial step of the photodissociation of RDX, several
model systems, such as NO2, NO, NBZ, and DNBZ, are
examined. NBZ and DNBZ are chosen for a potential inter-
mediate source of HONO; previous studies18 show that
HONO can be an intermediate for NO production through
five-membered ring formation in these molecules. The NO
spectra obtained from the photolysis of these model systems
can be compared to that from the photolysis of RDX. This
comparison will serve as a guide to determine potential, ap-
propriate intermediates, if they exist, because the final NO
state will be determined from the species found to generate
NO directly. Different pathways will result in different inter-
mediates for RDX* →→→NO reaction, if they exist.

In Fig. 11, the NO spectrum of the~0–1! transition from
the photolysis of RDX is compared with those from NO2,
NM, NBZ, and DNBZ photodissociation. The MALD tech-
nique is applied for DNBZ. Each NO spectrum is obviously
different from that of fragmented NO from RDX. Photolysis
of all the model systems produces highly excited rotational
spectra of fragmented NO. NM is well known to have the
intermediate NO2 ~that is, CH3NO21hn→NO2, NO21hn
→NO1O); at the first step of the dissociation, NO2 produc-
tion is a major pathway for the CH3NO2 molecule.19 This

FIG. 9. NO spectra of the~0–1! transition from NO fragmented from RDX
photolysis~bottom! and from NO gas itself~top!. NO spectrum from RDX
fragmented NO displays a much colder rotational temperature than NO gas
itself.

FIG. 10. Velocity distribution differences among laser desorbed HMT,
RDX, and R6G. Equimolar quantities of HMT and RDX samples are coated
together with the matrix molecule, R6G. Signals from the parent molecule
for HMT, NO for RDX, and C3 for R6G have been used to determine the
velocity distribution data.
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fact is supported by our results; the fragmented NO spectrum
of NM resembles very closely that of NO2 ~see Fig. 11!. The
NO spectra from NBZ and DNBZ are different from those
generated by RDX and NO2 and, in fact, from one another.
These differences indicate that the dissociation pathways of
these molecules are much more complicated than the others,
and do not just produce NO2 or NO during the dissociation.
At this point, however, one cannot be certain that HONO is
the intermediate for NBZ and/or DNBZ dissociation. Addi-
tionally, for NO2 and NM photodissociation, the transition
from v952 can be observed very easily, while no transition
from v953 can be observed.A←X transitions up tov953
are reported for NBZ, but the NO spectrum from NBZ does
not resemble any of the other spectra. The transition from
v953 is observed for RDX~see Figs. 4 and 5!. These model
systems should have their own unique pathways through
which excited state dissociation occurs. One can confirm
from these results that NO2 or CH2– N–NO2 should not be
an intermediate species in the photodissociation of excited
electronic state RDX. Vibrationally hot, but rotationally cold
NO molecules may well be produced directly from the dis-
sociation of RDX using UV photons~about 38 650 cm21,
258.7 nm!, but one cannot completely dismiss the possibility
of the HONO molecule as an intermediary, because the
NBZ, DNBZ1hn→HONO studies were performed at high
temperature and pressure. The NO thus generated, however,
from HONO at thev951 state is rotationally very hot.18(a)

We will begin studies of HONO photodissociation in the
near future to determine photofragmented NOTvib and Trot

from cold HONO. In order to determine the exact pathway of
RDX dissociation in excited electronic states, time-resolved
measurements using ultrafast, fs probing will be conducted
in the near future. This method will allow both fragment
species and RDX itself to be accessed by mass spectroscopy.

IV. CONCLUSIONS

In order to study optical spectroscopy for nonvolatile
and fragile large molecules, MALD has been successfully
combined with a molecular beam supersonic expansion tech-
nique. Sample preparation methods and proper experimental
parameters are established to obtain constant sample intro-
duction for more than 6 h. LD laser beam intensity
(;106 W/cm2) does not disturb the molecular beam dynam-
ics in the nozzle. In the present study, this setup is applied to
investigate photodissociation of an explosive, RDX. The
present experimental results lead us to conclude the follow-
ing:

~1! Intact and cold RDX can be obtained by the combination
of matrix-assisted laser desorption~MALD ! and molecu-
lar beam techniques;

~2! Photolysis of RDX produces vibrationally hotter (Tvib

5;1800 K!, but rotationally colder (Trot5;20 K! pho-
tofragmented NO compared to that from NO gas itself or
other NO2-compared molecules;

~3! By comparing the NO signal among the model systems,
the dynamics of RDX in excited states can be investi-
gated to determine that NO is probably fragmented di-
rectly from RDX using UV photons of higher than 258
nm ~above 38 650 cm21! and that NO2 and CH2NNO2

are not intermediates in this process.

RDX is a true energetic material and apparently has a
distinct dissociation pathway that is different from those of
the model systems compared to it in this investigation.
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