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Abstract—A comparative experimental and theoretical study of the initiation of silver azide (SA) single crys-
tals and pressed pentaerythritol tetranitrate (PETN)–metal nanoparticles by a neodymium laser pulse is per-
formed. The main differences in the explosive decomposition of the samples are associated with the absence
of the induction period and the presence of subthreshold effects in the initiation of PETN-based composites.
By contrast, the initiation of SA single crystals always features an induction period, but no subthreshold
effects. It is shown that the observed differences in the explosive decomposition are due to the fact that SA
single crystals decompose by the chain explosion mechanism, whereas pressed PETN–metal nanoparticles
samples, by the thermal explosion mechanism in the micro-hotspot mode. The kinetic parameters of the ini-
tiation of the decomposition reaction calculated within the framework of the existing model are consistent
with the available experimental data. An experimental criterion for distinguishing between the chain and ther-
mal (in micro-hotspot) mechanisms of the initiation of an explosion under the action of a laser radiation
pulse is formulated, according to which the absence of the induction period and a pronounced manifestation
of subthreshold effects are indicative of a thermal explosion, whereas the presence of the induction period and
the absence of subthreshold effects are characteristic of a chain explosion.
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INTRODUCTION
Widespread applications of high explosives (HEs)

and rising requirements for the safety of their use to
motivate the search for new methods to control their
reactivity in various conditions [1–3]. Along with
experimental work on creating new and studying exist-
ing energetic materials, theoretical investigations of
reaction mechanisms of initiation of explosive decom-
position are of considerable importance. The develop-
ment of an optical detonator based on silver azide
(SA), a primary explosive [4, 5] and secondary HEs
[6–10] has been started. For this purpose, the chain
explosion model [4, 11, 12] and micro-hotspot ther-
mal explosion model [13–17] were proposed and the
energy thresholds of ignition of composite composi-
tions based on a transparent HE containing light-
absorbing nanoparticles were experimentally studied
[10]. The most important rate constants of the chain
reaction were estimated [4, 11, 12, 18–20], and the
main features of the initiation of the explosive
decomposition of SA single crystals were qualita-

tively and quantitatively described [4, 11, 20, 21]. The
model became the basis for constructing the mecha-
nism of the propagation of explosive decomposition
in silver azide crystals [22], the spatial and temporal
characteristics of which were experimentally deter-
mined in [22, 23].

The micro-hotspot model of the laser initiation of
HEs was proposed in [13–17] to interpret the experi-
mentally observed characteristics of the explosive
decomposition of pressed lead azide pellets. It was
later upgraded to describe the pattern of the laser ini-
tiation of secondary explosives containing metal
nanoparticles [24–26]. The model takes into account
the optical properties of nanoparticles [24, 25] and
explains how the nature of the metal [10] and light
wavelength [27] influence the critical energy density.

At the same time, despite a significant progress in
the development of theoretical concepts, there are no
reliable experimental criteria capable of identifying the
nature of the explosion, especially that some experi-
mental manifestations of that explosive decomposi-
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tion can be rather successfully treated in the frame-
work of different model concepts. Today, gaining
insights into the mechanism of the explosive decom-
position of even a single HE is a complex and time-
consuming task, which involves a significant amount
of experimental and theoretical work [4, 10–12, 16–
27]. Changing the conditions of the experiment, such
as the test object (the crystals of different sizes [21] or
pressed pellets of various HEs [28–30]), wavelength
[17, 31], laser pulse duration [13–15], and laser beam
diameter [32, 33], may be accompanied by changes
not only in the mechanism, but also in the nature of
the initiated explosion.

The aim of the present work was to find relatively
easily implementable experimental methods for deter-
mining the nature of the explosive decomposition of
primary and secondary condensed explosives initiated
by a pulsed laser. The task was to perform a compara-
tive experimental study of the kinetics of the lumines-
cence from exploding silver azide (SA) crystals and
pressed pentaerythritol tetranitrate (PETN) pellets
containing metal nanoparticle in conditions of pulsed
laser initiation.

EXPERIMENTAL

The kinetic characteristics of an explosion were
studied on a setup the schematic diagram of which is
displayed in Fig. 1 and described in detail in [34]. The
source of pulsed laser radiation was a Nd:YAG laser 1
operating in the Q-switched mode. The pulse duration
at half-height was 14 ns, and the maximum pulse
energy at the wavelength of 1064 nm was 1.54 J. The
light emission from the explosion was recorded using

H6779-01 photomultiplier tubes (PMT) with a tem-
poral resolution of 1 ns. The energy density was varied
by using neutral (2) and band (3) optical filters. The
pulse energy was controlled by splitting part of the
beam with Dove prism 4 to laser energy meter 5, which
was a IKT-1N calorimeter. A beam with uniform dis-
tribution of sample surface irradiance was formed
using the projection method [22, 27]. The laser beam
passed the optical path shown in Fig. 1 by the solid
arrows: interference mirror 6, forming diaphragm 7
(cut out the middle part of the pulse), rotating mirror 8,
lens 9, and plate 10 (protected the lens from the
expanding explosion products). When sample 11 was a
pressed PETN pellet, it was placed on witness plate 12
(aluminum base). For SA crystals (almost transparent
at the wavelength of 1064 nm, the first harmonic of
the neodymium laser), witness plate 12 was a 0.9-mm-
thick glass substrate. The development of the process
on the nanosecond time scale was recorded with pho-
tomultipliers 13 and 14. Photomultiplier tube 13, for
panoramic survey, measured the luminescence inten-
sity throughout the experimental cell, whereas PMT
14, for zone viewing, recorded the time evolution of
the emission from the irradiated part of the sample
[28, 33]. The signals were fed into digital oscilloscope
15. The dashed arrows in Fig. 1 show the paths of the
emission from the sample recorded by the zonal and
panoramic view PMTs.

To control the synchronization of the measured
pulse signals and the PMTs, the luminescence pro-
duced by irradiating a metal film with a laser pulse was
recorded. Upon pulse absorption, the metal vaporized
and produced luminescence. While varying the syn-
chronization time and the leading-edge amplitudes of

Fig. 1. Schematic diagram of the experimental setup (see the text).
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the signals, the sum of the squares of the deviations of
the PMT signals and the pulse was minimized. Then,
the resulting oscillogram was “corrected” for the syn-
chronization time. The measured luminescence inten-
sity signals from exploding pellets were computer pro-
cessed to determine the induction period and the
effective constants of the luminescence signal. The
effective rate constant of luminescence rise was calcu-
lated by approximating the leading edge of the signal
with a Gaussian function.

The test samples were SA crystals with characteris-
tic dimensions of 0.5 × 0.5 × 0.4 mm3, similar to those
used in [4, 17, 31, 33, 35–37]. PETN samples contain-
ing 0.1 wt % cobalt and aluminum additives were pre-
pared by mechanically mixing a PETN powder with
particle size distribution peak at 1–2 μm, a cobalt
powder with a particle radius distribution peak at 100–
120 nm, and aluminum powder with a particle diameter
distribution peak at 100–110 nm diameter. The sample
preparation procedure was described in [9, 10]. As a
result pressed pellets, 3 mm in diameter, 1 mm in thick-
ness, (12.2 ± 0.2) mg in weight, and (1.73 ± 0.03) g/cm3

in density were prepared.

KINETICS 
OF EXPLOSION LUMINESCENCE

Figure 2 displays a typical experimental depen-
dence of the luminescence from a silver azide crystal
initiated by a laser pulse with an energy density of
40 mJ/cm2. The kinetic dependences of the lumines-
cence intensity (Fig. 2) have a single maximum, with
the trailing edge of the pulse being much flatter than
the leading. This dependence shows that the lumines-
cence does not appear immediately after the beginning
of pulse action: there is a pronounced induction

period. In the limit of large excess of the pulse energy
density over its critical value (more than fivefold), the
induction period duration tends. The latter is defined
as the time interval between the peaks of the pulse and
luminescence “corrected” for the synchronization
time. The experimental dependence of the induction
period duration on the pulse energy density normal-
ized by the threshold value for the batch of samples
used is shown in Fig. 3. With increasing energy den-
sity, the induction period shortens (Fig. 3). In the limit
of large excess of the pulse energy density (more than
fivefold) over its threshold value, the induction period
duration tends to 35 ns. The dependence of the induc-
tion period for the explosion of lead azide pressed pel-
lets on the pulse energy density was obtained in [14]
using a procedure similar to that described above. As
for SA crystals, the induction period duration
decreases with increasing laser pulse energy density,
but even for a 10-fold excess of the explosion-initiation
energy density over the least necessary for initiation,
the induction period was reliably determined to be
longer than 100 ns.

To investigate the kinetics of the reaction, we car-
ried out a series of measurements at a pulse energy
density exceeding the explosion threshold value at
least by a factor of two. It was shown [35] that, if the
pulse energy density is more than twice the explosion
threshold, the initiation of the reaction in the zone
irradiated by the laser pulse occurs homogeneously,
with the instant of change in the phase state of the
material being close to the time at which the lumines-
cence from this zone reaches its maximum. To be
quantitatively characterized, the leading edges of the
measured luminescence intensity signals were approx-
imated by the error function I0(–k2(t – tm)2) (Fig. 4).
In these coordinates, the dependences are nearly lin-

Fig. 2. Time dependence of the intensity of the explosion luminescence from the area of impact of a laser pulse on a pressed
PETN–metal nanoparticles pellet: (1) initiating pulse, (2) PETN–aluminum, (3) PETN–cobalt, and (4) SA. 
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ear. The resulting effective constant of luminescence
intensity rise was found to be (4.1 ± 0.1) × 107 s–1. This
value is much smaller than the effective constant of
rise of the pulse, also approximated by the error func-
tion: (1.1 ± 0.1) × 108 s–1.

In addition to the kinetic characteristics of the
explosive decomposition of traditionally studied HEs,
it is necessary to systematize other manifestations of
the process, which have been previously disregarded,
such as the sound from the explosion, the intensity of
the impact on the substrate, and subthreshold effects.
The sound from the explosion of SA crystals is weak,
like a click. The witness plate exhibits no traces of the
impact of the explosion products. The substrate (thin
glass) does not crack, only a trace remains from the
crystal, which can be easily erased. A glass plate with a
surface area of 1 cm2 can be used to study the kinetic
characteristics of 20 explosions, until it begins to
crack. At energy densities below the threshold, no
luminescence and no any visible changes in the sam-
ple were observed. Irradiation of SA crystals repeated
up to 10 times caused no increase in the critical energy
density, as noted in [25–37]. Covering the SA crystal
with a glass plate produces no changes in the critical
energy density of explosive decomposition initiation
by the first harmonic of a neodymium laser with a
beam diameter of more than 100 μm [18, 33].

Irradiation of pressed PETN–cobalt and PETN–
aluminum pellets covered with a glass plate caused no
explosive decomposition by a pulse with an energy
density of less than 1.7 J/cm2. Figure 5 shows typical
luminescence intensity signals from PENT–cobalt
and PETN–aluminum pellets in the subthreshold
mode (at pulse energy densities insufficient to initiate
explosive decomposition), with the PMT signals being
shifted by the synchronization time. The kinetic

curves feature a single maximum, with the leading
edges of the luminescence and pulse profiles coincid-
ing with each other, which means that the lumines-
cence intensity is proportional to the pulse intensity.

Figure 4 shows the leading edges of the time pro-
files of the luminescence and pulse intensity in the
error function coordinates. As can be seen, the pulse
profile is closely approximated by this function, which
justifies its use in a theoretical analysis. The lumines-
cence intensity signals are described satisfactory; the
effective rate constants determined from the slopes of
the profiles in these coordinates were used as charac-
teristics of the process.

The effective rate constants of pulse and lumines-
cence intensity rise are similar, (1.1 ± 0.1) × 108 s–1.
The characteristic time of luminescence decay was
found to be ~40 ns. The total duration of the lumines-
cence was within 100 ns. Although the process in
pressed pellets of PETN with nanoparticles of the
studied metals occurred in the subthreshold mode
sound of an explosion was strong enough, since irradi-
ation causes the cracking of the sample. The beam
diameter, 600 μm, is less than the diameter of the pel-
let, so that, in the area of impact, material is sputtered
to form a cavity in the pellet (Fig. 6). For the second-
time irradiation of the pellet surface, the energy den-
sity needed to initiate explosive decomposition is more
than twofold higher.

The kinetic dependences of the luminescence from
the explosive decomposition of pressed aluminum
nanoparticles–PETN pellets covered with a glass plate
caused by a pulse with an energy density of more than
1.7 J/cm2. One such dependence is shown in Fig. 2.
Covering the sample with a glass plate, as in [9, 10],
leads to a two- to threefold reduction in the critical
energy density for the explosive decomposition of
pressed pellets of PETN with aluminum and cobalt

Fig. 3. Measured dependence of the induction period of a
SA explosion on the pulse energy density normalized to the
threshold value. 
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nanoparticles. The explosion is accompanied by a
loud sound and a complete ejection of the explosive
material pressed into a copper plate. The explosion of
a sample on an aluminum substrate was found to leave
a round mark on it. At the the initial stage, the lumi-
nescence intensity signal (Fig. 4) is described by a
Gaussian function with an effective constant of k =
(1.4 ± 0.1) × 108 s–1. The kinetics of the luminescence
intensity from the irradiated area becomes two-
peaked, with the first maximum practically coinciding
with the maximum of the irradiation intensity,
whereas the second being a long plateau with a maxi-
mum at ~1800 ns and a decay duration of 2000 ns. A
specific feature of the kinetics of the explosives
decomposition of pressed PETN–cobalt and PETN–
aluminum pellets is the absence of the induction
period: the luminescence signal begins simultaneously
with the irradiation pulse. In general, the kinetic char-
acteristics of the subthreshold and explosive decom-
position of PETN–cobalt and PETN–aluminum pel-
lets are virtually identical.

DISCUSSION OF THE RESULTS

The results of a comparison of the kinetic depen-
dences of the luminescence from the explosion of SA
crystals and PETN pellets with metal additives, briefly
summarized in the table, are indicative of their quali-
tative difference. The main similarities are that there is
a threshold of initiation of the explosion and that the
kinetic dependence can be described by the error
function. The principal differences are the absence of
the induction period, the existence of pronounced
subthreshold phenomena, a reduction in the critical
energy density of explosion initiation upon covering
PETN-based on compositions with a glass plate.

It is most naturally to attribute the observed differ-
ences to distinctions in the mechanisms of explosion
initiation in SA crystals and PETN pellets with metal
additives. In SA crystals, the reaction is initiated
according to the chain explosion mechanism, which
postulates an avalanche multiplication of electronic
excitations, generated at the expense of the energy
released by the decomposition reaction. According to
[36], in this case, the light emission of the explosion is
associated with intraband luminescence, which can
arise due to the generation of electronic charge carriers

Fig. 5. Time dependence of the intensity of the luminescence from the zone of impact on a laser pulse on a pressed PETN–metal
nanoparticles pellet in the subthreshold mode: (1) initiating pulse, (2) PETN–aluminum, and (3) PETN–cobalt.
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in the depth of the respective band [18]. For light
emission to occur, the reaction rate should be high
enough so that significant concentrations of chain car-
riers would accumulate, which gives rise to the induc-
tion period observed in studying the kinetics of explo-
sion luminescence. The main source of heating in the
chain mechanism of explosion development is the
recombination of electron–hole pairs. As a result, the
energy released by the reaction dissipates into heat
with a significant delay (recombination rate constant
is ~107 s–1, which corresponds to 100 ns). Due to this
feature, the sample remains “cold” for a considerable
time in the course of the development of the decom-
position reaction. The temperature rise occurs at the
stage of expansion of the explosion products. At an
irradiation energy density below the threshold value,
no cavity is formed. Covering the sample with a plate
does not prevent the expansion of the hot explosion
products and does not affect the threshold energy den-
sity of explosive decomposition of silver azide crystals
irradiated by a first-harmonic pulse of a neodymium
laser [17, 31].

Metal nanoparticles–PETN compositions are ini-
tiated via the thermal explosion mechanism. The
metal nanoparticles in the transparent HE matrix are
heated to high temperatures, which leads to the forma-
tion of decomposition reaction kernels around them.
Achieving significant temperatures in the subthresh-
old mode leads to the formation of cavities. Rapid
heating increases thermoelastic stresses [38, 39] and
promotes phase transitions [40] and sample cracking.
Covering the sample with a glass plate blocks the
escape of material from the irradiated zone, thereby
making it possible to initiate the explosion at lower
energy densities. Another consequence of high heating
temperatures is a rapid onset of emission, before the
end of the pulse, even for subthreshold impacts. Above
the threshold, the intensity of the emission from the
sample increases more rapidly than the laser radiation
intensity does (Fig. 2), which indicates the beginning
of the reaction and the rapid increase in temperature.

Thus, the observed differences in the kinetic
dependences of the luminescence from the explosion

of SA crystals and cobalt nanoparticles–PETN pellets
make it possible to formulate the criteria that enable to
experimentally distinguish the mechanisms of the
chain and thermal explosions of condensed explosives
by a laser pulse. The characteristic features of a ther-
mal explosion through the formation of micro-
hotspots are the absence of the induction period and
the presence of subthreshold effects; by contrast, the
chain explosion exhibits a pronounced induction
period and no subthreshold effects.

SIMULATION OF CHAIN 
REACTION KINETICS

In [4, 11], the necessary properties of an energetic
solid-state chain reaction:

(1) chain carriers are electronic excitations in the
crystal, band electrons, holes, and excitons;

(2) for a pulsed initiation threshold to exist, the
order of the reaction of chain carriers recombination
must be lower than the order of the branching reac-
tion;

(3) there must be an efficient mechanism of the
transfer of energy released in the branching step to the
electronic subsystem of the material accompanied by
the generation of new electronic excitations.

According to the concept of the deactivation of
excited products, the kinetics of the solid-state chain
reaction is described by the system of equations

(1)

where p is the concentration of chain carriers, A is the
concentration of unexcited sites in the anion sublattice
of the sample, G is the rate of the generation of chain
carriers, kr is the rate constant of the recombination of
chain carriers constant, k2 is the rate constant of the
bimolecular chain branching reaction, and γ1 and γ2
are dimensionless parameters characterizing probabil-
ity of generating electronic excitations (branching) in
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Comparison of the characteristics of the pulsed laser initiation of SA crystals and metal nanoparticles–PETN pellets
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the deactivation of electronically and vibrationally
excited nitrogen molecules, respectively. In the first
equation of system (1), the chain branching rate is
described by the last term, whereas the factor in paren-
theses is associated with the probability of branching,
which is determined by the competition between the
different channels of deactivation of excited nitrogen
molecules, decomposition reaction products. Accord-
ing to the estimates made in [18, 19], the rate constant
for the generation of an electron–hole pair in the
deactivation of an electronically excited nitrogen mol-
ecule is greater than the rate constant rate of energy
transfer to free charge carriers, so γ1 < 1. A vibra-
tionally excited molecule is largely deactivated
through energy transfer to charge carriers localized at
the newly formed site. Since the site is positively
charged, the processes of generation of a hole from the
ground state and the capture–emission of an electron-
emission from the excited level of the defect compete
with each other. This competition is characterized by a
value of γ2 ~ 100.

At small degrees of burnout, model (1) reduces to
the model of solid-state chain reaction formulated in
[4, 11]. Therefore, model (1) is still capable of describ-
ing a number of experimental observations, such as the
dependence of the initiation threshold on the pulse
duration [11] and microcrystal size [21], the effect of
prior irradiation to the critical initiation energy density
[5], and the dependence of the induction period of the
pulse energy density [11].

Model (1) was used to calculate the kinetic charac-
teristics of the explosion initiation. Since the time evo-
lution of the explosion luminescence intensity is mea-
sured in the experiment, the model describing the for-
mation of the luminescence from [36] was used.
According to this model, the light emission from a
solid sample is due to the intraband luminescence of
hot charge carriers formed in the deactivation of
excited reaction products. The rate of the generation
of hot holes is proportional to the chain branching
rate, with the f luorescence intensity normalized by the
amplitude being equal to the square of the ratio of the
concentration of holes to its maximum value:

The inverse kinetic problem was solved as follows.
First, system of equations (1) was numerically inte-
grated using the Runge–Kutta method of the fifth
order with a variable time step and a relative error per
integration step not more than 10–13. The generation
rate was set in the form  where the
effective rate constant of the pulse ki is related to its
duration at half-height τ as  The value of
G0 was set as the product of the critical rate of genera-
tion of electron–hole pairs at the current parameters
of the model and the degree of exceeding the thresh-
old, which was predetermined for the used batch of

( )= 2 .m mI I p p

( )= − 2 2
0 exp ,iG G k t

= τ2 ln 2 .ik

samples. Within the interval from 5% of the amplitude
of the signal at its leading edge to its maximum (the
time of destruction of the sample [35]), the sum of
squares of deviations between the experimental and
theoretical dependences was calculated, which was
minimized using the Nelder–Mead method by vary-
ing the recombination rate constant and the dimen-
sionless coefficient γ2. The bimolecular reaction rate
constant was not varied, since the solution of the
direct problem showed that its value determines the
initiation threshold, while the shape of the kinetic
dependences of the reactants at a given degree of
exceeding the initiation threshold is virtually indepen-
dent of its value.

The result of processing one of the oscillograms is
shown in Fig. 7. As can be seen, there is a satisfactory
agreement between the predictions of model (1) and
the experimental data. The values of the variable
parameters obtained by processing 50 explosion lumi-
nescence oscillograms was found to be  = (4 ± 2) ×
107 s–1, γ2 = 400 ± 200. The value of  is consistent
with the previous estimates and the values obtained by
processing other experimental dependences [4, 11, 21].
Both calculated and measured kinetic dependences
exhibit a pronounced induction period (Fig. 7).

KINETICS OF INITIATION 
OF A THERMAL EXPLOSION

Consider the model of the initiation of a thermal
explosion under pulsed heating of a metal nanoparti-
cle located in the bulk of a HE material. The system of
differential equations describing the processes of con-
ductive heat transfer in the nanoparticle and in the
surrounding HE material, as well as the heat release by
the chemical decomposition of the energetic material,
reads as [13–16]:

rk
rk

Fig. 7. Time dependences of the explosion luminescence
intensity: (1) initiating pulse, (2) measured time depen-
dence of the explosion luminescence from the impact
zone, and (3) calculated by model (1). 
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(2)

where T is the temperature, E is the activation energy
of the decomposition process, k0 is the preexponential
factor, Qt is the heat effect of the reaction, α and αM
are the thermal diffusivities of the matrix and metal
nanoparticle materials, c is the volumetric heat capac-
ity of the matrix material, R is the radius of the
nanoparticle, n is the relative concentration of HE
(PETN), x and t are the current position and time, and
kB is the Boltzmann constant. At the nanoparticle–
matrix boundary (x = R), laser radiation is absorbed,
which leads to the following boundary conditions:

(3)

where cM is volumetric heat capacity of the metal and
J(t) is the power of absorption of laser pulse radiation.
The explosive decomposition of the system under laser
heating of the nanoparticles were simulated at the fol-
lowing values of the parameters αМ = 0.267 s–1, cM =
3.74 J/(cm3 K) (cobalt), α = 1.1 × 10–3 cm2 s–1, c =
2.22 J/(cm3 K), E = 165 kJ/(mol K), k0 = 1.2 × 1016 s–1,
and Qt = 9.64 kJ/cm3 (PETN) [9, 10, 25–27, 41]. The
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time profile of the laser pulse radiation power density
is close to the normal distribution function Taking as the
reference time, the position of the maximum of the pulse
intensity, we obtain the following expression for J(t)

(4)

where ki = 1.189 × 108 s–1 is the parameter that deter-
mines the pulse width (corresponding to the pulse
width at half-maximum, 14 ns); Qabs is the absorption
efficiency coefficient, which depends on the radius of
the nanoparticle; H is the pulsed radiation energy den-
sity. At the boundary of the area (nanoparticle and an
energetic material layer of thickness 8R), the first kind
boundary condition was set: T = 300 K [41]. The
method for calculating the radiation absorption effi-
ciency coefficient Qabs for a spherical inclusion of
radius R was described in [10, 25, 27, 42]. The main
parameter that determines the Qabs(R) dependence is
the complex refractive index mi, which depends on the
nanoparticle material, being, for example, mi = 3.7505 –
5.4647i [43] for cobalt.

Figure 8 shows a simulation result, within the
framework of model (2)–(4), of the process of forma-
tion of a kernel of explosive decomposition of ener-
getic material due to the absorption of first-harmonic
neodymium laser radiation by a cobalt nanoparticle
with R = 60 nm at a 10% degree of exceeding the
threshold energy density. The threshold energy density
was calculated to be 0.0885 J/cm2, whereas the
absorption efficiency coefficient, calculated within

( ) ( )= π −2 2 2
abs exp ,i iJ t Q R k H k t

Fig. 8. Spatial distribution of the temperature in the PETN–cobalt system (~60-nm nanoparticles) for its initiation by first-har-
monic neodymium laser radiation (1064 nm) at a 10% degree of exceeding the threshold value at various instants of time (in ns):
(1) 6.0, (2) 6.1, (3) 6.15, and (4) 6.18.
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the framework of the Mie theory for the indicated
nanoparticles and a wavelength of 1064 nm, was found
to be 0.7642. The time is measured from the point of
peak intensity of the laser pulse, as is customary in
such problems [13–18, 24–26]. The graph in Fig. 8
shows the formation of an explosive decomposition
kernel, which is formed not at the PETN–cobalt
boundary, but in the bulk of the energetic material.
The time of start of the formation of the reaction ker-
nel is 6 ns, which is comparable with the time it takes
for the pulsed radiation intensity to reach 50% of the
amplitude at the trailing edge of the pulse. This means
that the induction period of the reaction developing by
thermal explosion mechanism is virtually nonexistent.
As can be seen from Fig. 2, the reaction begins to
accelerate rapidly during the pulse just above the crit-
ical energy density.

CONCLUSIONS
Thus, a comparative experimental study of the

kinetics of the initiation of single crystals of silver azide
and pressed metal nanoparticles–PETN pellets by
pulsed laser radiation was performed. It was shown
that the experimentally observed patterns of the explo-
sive decomposition differ because silver azide single
crystals are initiated by the chain explosion mecha-
nism, whereas pressed metal nanoparticles–PETN
samples, by the thermal explosion mechanism. The
criteria that make it possible to distinguish between the
chain and thermal (micro-hotspot mode) mecha-
nisms of the initiation of an explosion by pulsed laser
radiation. The latter mechanism is characterized by
the virtual absence of the induction period, pro-
nounced manifestations of subthreshold effects (for-
mation of cavities), and the influence of covering the
sample surface on the critical energy density. It was
shown that the dependence of the time dependence of
the luminescence intensity from the explosive decom-
position of silver azide is satisfactorily described
within a solid-state chain reaction model that takes
into account a variety of channels of deactivation of
the decomposition products. The experimentally
observed short induction period of the explosive
decomposition of metal nanoparticles–PETN pellets
is closely reproduced in the framework of the micro-
hotspot model of a thermal explosion. However, it
should be kept in mind that changing the experimental
conditions (for example, beam diameter) can change
the nature of the explosion.
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