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We have studied the dynamic and static processes occurring in disordered multiparticle colloidal Ag aggregates with
natural structure and affecting their plasmonic absorption spectra under pico- and nanosecond pulsed laser radiations, as
well as the physical origin responsible for these processes. We have shown that depending on the duration of the laser pulse,
the mechanisms of laser modification of such aggregates can be associated both with changes in the resonant properties
of the particles due to their heating and melting (picosecond irradiation mode) and with the particle shifts in the resonant
domains of the aggregates (nanosecond pulses) which depend on the wavelength, intensity, and polarization of the radiation.
These mechanisms result in formation of a narrow dip in the plasmonic absorption spectrum of the aggregates near the laser
radiation wavelength and affect the shape and position of the dip. The effect of polydispersity of nanoparticle aggregates
on laser photochromic reaction has been studied.
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1. Introduction
Nanosized plasmonic structures are widely employed as

modificators of the optical properties of various optically sen-
sitive objects and materials, such as molecules and their ag-
gregates. The modification effect is demonstrated in giant
enhancement of Raman sensing, the efficiency of solar cells,
fluorescence, nonlinear optical phenomena, and so on. Ex-
perimental studies have brought many interesting results and
have been supported both by theoretical and computational
researches.[1–8] The physics of the interaction of pulsed laser
radiation with aggregates of plasmonic nanoparticles and im-
purity materials located in the vicinity of such nanostructures
covers a wide range of research and applied problems.[9–15]

However, on the way of obtaining the physical insight into the
nature of field enhancement and prediction of the best nanos-
tructured intermediary media (such as plasmonic nanoparticles
and their aggregates) in high intensity pulsed laser fields, we
encounter with the problem of variation of the properties of
the intermediary media responsible for the enhancement field
effect. On the one hand, it worsens this enhancement, but on
the other hand, it demonstrates the effect of the optical mem-
ory of such media at the given wavelength that is of particular
interest.

Colloidal aggregates of classical plasmonic materials (Ag
or Au) with a locally anisotropic structure[16,17] are able to

enhance the spatially localized electromagnetic fields near the
plasmonic nanoparticles resonant to the incident optical radi-
ation and this enhancement is observed in the range of an in-
homogeneously broadened plasmonic absorption band.[18] In
a simplified form, the large aggregates can be considered as a
set of resonant domains, i.e., small groups of closely spaced
nanoparticles in an aggregate, characterized by their eigen
frequencies resonant to the incident radiation with a spectral
width corresponding to the surface plasmon absorption band
of the individual particles.

Despite the large volume of experimental data in such ma-
terials and sustainable reproducibility of the effects in pulsed
laser radiation, the observed phenomena have not received due
explanation because of the complexity and interconnection of
related processes.

This photochromic effect in aggregated plasmonic
nanocolloids was first discovered in Ref. [19] and was studied
in more detail experimentally in later works.[20,21] This effect
clearly reveals itself in the case when the pulsed laser radiation
frequency lies within the plasmonic absorption band of the dis-
ordered aggregates and when the energy threshold is exceeded.
Under this condition, the irradiated area acquires transparency
at the laser radiation wavelength corresponding to the color
of radiation. The absorption spectrum of the nanoparticle ag-
gregate acquires a spectral dip with a width corresponding to
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the plasmonic absorption spectrum of an individual particle.
Herewith, the shape of the spectral dip determines the features
of nonlinear refraction of such media.

Among the unsolved problems we should note the lack of
complete understanding of the dominant mechanisms of mod-
ification of optical properties of plasmonic nanocolloids. In
particular, it was found that one of the mechanisms of optical
nonlinearity[22,23] of aggregated plasmonic nanocolloids and
nanocomposites is the effect of the radiation induced trans-
parency under the influence of laser pulses. Herewith, this
effect demonstrates the spectral and polarization selectivity.

In Refs. [6,7,24], the models of the interaction of pulsed
laser radiation with multiparticle plasmonic aggregates of
spherical metal nanoparticles have been first developed. Refer-
ence [7] presented the modified optodynamic model that takes
into account the polydispersity of the nanoparticles and their
interactions, dissipation of absorbed energy, heating and melt-
ing of the metal core and polymer adsorption layer of the par-
ticle, heat exchange between the electron and lattice compo-
nents of the metal, as well as with the interparticle medium.
Optical interparticle interactions were taken into account via
the dipole–dipole nanoparticle interactions. The dipole mo-
ment of each particle was calculated by the coupled dipole
method.[25] To take into account the contribution of higher
multipoles, we used the rescaled parameter according to the
method described in Refs. [7,26]. In Refs. [7,27], the role
and contribution of various interrelated factors resulting in the
laser modification of simple resonant domains such as dimers
and trimers in picosecond laser pulses have been studied.

It was shown that the evolution of the spectral proper-
ties of a resonance domain dynamically varying resonant fre-
quency during the laser pulse can be associated with changes
in the size, shape, and state of material of the particles, and
after the pulse end, with a shift of neighboring particles in a
domain relative to each other. Such processes in pulsed laser
fields result in the modification of the resonant domains and
large colloidal aggregates which cause photochromic reactions
in nanocolloids and nanocomposite materials.

The goal of our paper is to study the dynamic processes
occurring in disordered multiparticle polydisperse colloidal
aggregates with realistic structure and affecting their plas-
monic extinction spectra under the pulsed pico- and nanosec-
ond laser radiation, as well as the physical mechanisms re-
sponsible for these processes during the laser radiation.

Compared to our previous papers studying these pro-
cesses in dimers and trimers, we investigate the processes in
sets of 2000 large aggregates composed of 50-particle with
subsequent averaging over a set. Limitation of the number of
particles to 50 instead of 1000 and more makes it possible to
shorten significantly the computation time. Besides that, we
have compared these effects in monodisperse and polydisperse

aggregates (Fig. 1).

(a) (b)

Fig. 1. Examples of (a) monodisperse and (b) polydisperse nanoparti-
cle aggregates consisting of 50 Ag polymer coated nanoparticles used
in calculations.

2. Model

The photochromic mechanisms are based on the analyti-
cal model of interaction of high intensity laser radiation with
multiparticle aggregate of plasmonic nanoparticles. The de-
veloped optodynamic model of the interaction of multiparti-
cle aggregates with pulsed laser radiation takes into account
a wide range of interrelated thermodynamic, optical, physico-
chemical, and mechanical processes. Our model takes into ac-
count the results from Refs. [28–31], in particular, with discus-
sion on the possibilities of the light-induced shift of particles
in aggregates and nonlinear optical effects caused by this shift,
as well as the effect of different sizes of particles on their in-
teraction in optical fields.[32] In our work we present the most
complete model taking into account in previous publications.

In our model, we solve the following ordinary differential
equation system which describes the motion of each particle
in an aggregate:

d𝑟i

dt
= 𝑣i, i = 1, . . . ,N, (1)

mi
d𝑣i

dt
= (𝐹vdw)i +(𝐹el)i +

(
𝐹opt

)
i +(𝐹v)i +(𝐹f)i. (2)

Here t is the time from the onset of the pulse; mi, Ri, 𝑣i, and
𝑟i are the mass, radius, speed, and radius vector of the center
of mass of the i-th particle; and N is the number of particles in
an aggregate.

The right side of Eq. (2) is the sum of the forces acting on
the particle

(𝐹vdw)i =−
N

∑
j=1
j 6=i

∂ (Uvdw)i j

∂𝑟i
,

(𝐹el)i =−
N

∑
j=1
j 6=i

∂ (Uel)i j

∂𝑟i
,

(
𝐹opt

)
i =−

∂Uopt

∂𝑟i
,

(𝐹v)i =−6πη(Ri +hi)𝑣i,

(𝐹f)i =−µ

N

∑
j=1
j 6=i

∣∣∣(𝐹el)i j

∣∣∣𝑞i j. (3)
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Here (𝐹vdw)i is the van der Waals attractive force; (𝐹el)i is
the elastic repulsive force related to deformation of the ad-
layers of contacting particles;[33] (𝐹opt)i is the optical force
caused by the interaction of the light-induced dipoles; (𝐹v)i is
the viscous friction force; (𝐹f)i is the tangential interparticle
friction forces; η is the dynamical viscosity of the interparticle
medium; hi is the thicknesses of undeformed particle’s adsorp-
tion layer; µ is the effective friction coefficient, and 𝑞i j is the
normalized vector of the projection of the particles relative ve-
locity on the plane of contact of particle adlayers

𝑞i j =
(𝑣 j−𝑣i)−𝑛i j ((𝑣 j−𝑣i) ·𝑛i j)∣∣(𝑣 j−𝑣i)−𝑛i j ((𝑣 j−𝑣i) ·𝑛i j)

∣∣ ,
with 𝑛i j = 𝑟i j/|𝑟i j|, and 𝑟i j = 𝑟i− 𝑟 j being the vector con-
necting the centers of the particles.

For conservative forces in Eq. (3), we can write the po-
tential energy equations

(Uvdw)i j = −AH

6

(
2RiR j

h2
i j +2Rihi j +2R jhi j

+
2RiR j

h2
i j +2Rihi j +2R jhi j +4RiR j

+ ln
h2

i j +2Rihi j +2R jhi j

h2
i j +2Rihi j +2R jhi j +4RiR j

)
, (4)

(Uel)i j =
8
15

(hi +h j−hi j)
5/2
[
(Ri +hi)(R j +h j)

Ri +hi +R j +h j

]1/2

×
(Eel)i · (Eel) j

(Eel)i +(Eel) j
H(hi +h j−hi j), (5)

Uopt = −
1
4

Re
N

∑
i=1

[
𝑑i ·𝐸∗(𝑟i)+

1
2
𝑑i ·
(

𝑑i

ε0αi
−𝐸(𝑟i)

)∗
−ε0αi|𝐸0|2

]
·H (τ− t) . (6)

Here (Uvdw)i j is the energy of the van der Waals interaction
between the i-th and j-th particles;[34] (Uel)i j is the energy
of elastic interaction between two adsorption layers; Uopt is
the energy of interaction of light-induced dipoles; AH is the
Hamaker constant for silver;[35] hi j =

∣∣𝑟i j
∣∣− (Ri +R j) is the

interparticle gap; (Eel)i, (Eel) j are the elasticity moduli of the
particle adlayers; H(x) is the Heaviside function; 𝑑i is the
light-induced dipole moment; 𝐸(𝑟) is the strength of the ex-
ternal electromagnetic field, 𝐸0 is the amplitude of the field,
the symbol ∗ denotes the complex conjugation; αi is the dipole
polarizability of the i-th particle; and τ is the laser pulse dura-
tion.

The coupled dipoles method is used to calculate the
dipole moments of particles and spectra of multi-particle
aggregates[25] (in SI):

diα = ε0αi

Eα(𝑟i)+
N

∑
j=1
j 6=i

3

∑
β=1

Gαβ (𝑟
′
i j)d jβ

 , (7)

𝐸(𝑟) =𝐸0 exp(i𝑘 ·𝑟),

Gαβ (𝑟) =
|𝑘|3

ε0

(
A(|𝑘||𝑟|)δαβ +B(|𝑘||𝑟|)

rα rβ

|𝑟|2

)
,

A(x) =
(
x−1 + ix−2− x−3)exp(ix),

B(x) =
(
−x−1−3ix−2 +3x−3)exp(ix),

σe =
4π |𝑘|

ε0
Im

(
N

∑
i=1

𝑑i ·𝐸∗(𝑟i)

|𝐸0|2

)
, Qe =

σe
N
∑

i=1
πR2

i

. (8)

Here 𝑘 is the wave vector of the laser radiation; αi is the
dipole polarizability of the i-th particle; 𝑟′i j is the vector con-
necting the centers of the particles, adjusted by the rescaling
parameter[7,26] ξ :

𝑟′i j =

{
𝑟i j/ξ , if ri j ≤ 1.5(Ri +R j),

𝑟i j, if |𝑟i j|> 1.5(Ri +R j),

Gαβ is the interparticle interaction tensor; δαβ is the Kro-
necker delta; ε0 is the electric constant; σe is the extinction
cross section, Qe is the extinction efficiency, and Greek sub-
scripts denote the Cartesian components of the vectors and ten-
sors.

The dipole polarizability of a particle taking into account
self-action reads as[25]

αi = R3
i

εi− εm

εi +2εm− 2
3 i(Riω/c)3 (εi− εm)

, (9)

where ω is the angular frequency of the laser radiation, c is the
speed of light in vacuum, εm is the dielectric constant of the
interparticle medium; εi is the dielectric constant of the parti-
cle taking into consideration its size, temperature, and state of
matter.

The dependence of εi on the aggregate state of the metal
(taking into account that a particle can contain both a liquid
and a solid phase at some time interval) is described by the
following equation:

εi = fiε
(L)
i +(1− fi)ε

(S)
i ,

where ε
(S)
i and ε

(L)
i are the dielectric constants of the solid and

liquid phases of the particle, and fi is the mass fraction of the
liquid in the particle

fi =


0, if (Qi)i < (Q1)i,

1, if (Qi)i > (Q2)i,
(Qi)i− (Q1)i

(Q2)i− (Q1)i
, otherwise,

with (Qi)i being the thermal energy transferred to the ion com-
ponent of the particle, (Q1)i and (Q2)i the thermal energies at
the initial and final stages of melting (see the equations below).

The dependence of the dielectric constant of the phase
state (solid (S) or liquid (L)) is described by the equation[8]

ε
(S,L)
i = εint(ω)−

ω2
p

ω2 + iωΓ (S,L) ((Ti)i,Ri)
. (10)
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Here εint(ω) is the factor that takes into account the contri-
bution of interband transitions to the dielectric constant, ωp is
the plasma frequency of the metal, Γ (S,L)(T,R) is the relax-
ation constant of the electron subsystem for the solid or liquid
phase (taking into account the size of the particle and the finite
size effect)

Γ
(S,L)(T,R) = Γ

(S,L)
∞ (T )+κ

vF

R
, (11)

where vF is the Fermi velocity, κ is the constant assumed to
be equal to 1 in most of the optical calculations,[36] Γ

(S,L)
∞ (T )

is the relaxation constant corresponding to the frequency of
scattering of conduction electrons at phonons and lattice de-
fects. The dependence of Γ

(S,L)
∞ on temperature is assumed to

be linear,[8]

Γ
(S,L)

∞ (T ) =C(S,L)
1 T +C(S,L)

2 . (12)

Here C(S,L)
1 and C(S,L)

2 are constants, obtained from exper-
imental data for solid (C(S)

1 , C(S)
2 ) and liquid (C(L)

1 , C(L)
2 )

fractions.[8]

The model takes into account the heating of the particle
material by optical radiation using the two-component model,
which takes into account separately the temperatures of the
electron and ion subsystems of the particle material. The
change in the electron temperature occurs due to the absorp-
tion of optical energy by the particle, as well as due to heat
exchange with the ionic component

(Ce)i
d(Te)i

dt
=−g [(Te)i− (Ti)i]+

Wi

Vi
, (13)

where (Te)i and (Ti)i are the temperatures of the electron and
lattice (ion) components of the i-th particle; (Ce)i is the vol-
umetric heat capacity of the electron component; g is the rate
of energy exchange between the electron and ion subsystems;
Vi = 4/3πR3

i is the particle volume; Wi is the absorbed power
of laser radiation:

Wi =
ω|𝑑i|2

2ε0
Im
(

1
αi∗

)
.

Taking into account that a phase transition (melt-
ing/crystallization) occurs in the particle material, the ther-
modynamics of the ionic component is described in terms
of the amount of heat (Qi)i transferred to the ionic compo-
nent. The model takes into account the heat exchange with the
electron component and the environment

d(Qi)i
dt

= gVi [(Te)i− (Ti)i]+ (ql)iVi, (14)

where (q1)i is the heat flow per unit volume describing thermal
losses[37]

(ql)i =−
3

2Ri
(χmcm0ρm)

1/2 · [(Ti)i−T0] · t−1/2. (15)

Here χm is the thermal conductivity of the interparticle
medium, cm0 is its heat capacity, ρm is the density, t is the
time since the beginning of a pulse, and T0 is the temperature
of the interparticle medium.

The temperature of the ionic component is described in
terms of the amount of heat as follows:

(Ti)i =


(Qi)i

CiVi
, if (Qi)i < (Q1)i,

(Qi)i− ((Q2)i− (Q1)i)

CiVi
, if (Qi)i > (Q2)i,

Tm(Ri), otherwise,

where Tm(Ri) is the size dependence of the melting tempera-
ture.

The model takes into account the change in the elasticity
modulus of the particle absorption layers, which is associated
with the heating and destruction of molecular bonds in the ab-
sorption layer of nanoparticles. This happens within a finite
relaxation time τr, which can be described by the equation[6]

τr(T ) = τ0 exp
(

U
kBT

)
,

where the value of τ0 is assumed to be 10−12 s, U is the energy
of chemical bonds in the polymer adlayer (taken to be about
1 eV in our calculations, which is typical of the chemical bond
energy of polymers).[7]

Taking into account the finite relaxation time, the depen-
dence on temperature of the elasticity modulus of the absorp-
tion layer is described by the following equation:[6]

d(Eel)i
dt

=−
(Eel)i

τr ((Tm)i)
, (16)

where (Tm)i = ((Ti)i−T0)/2 is the average temperature of the
heated area near the i-th particle.

The numerical implementation is the solution of the ordi-
nary differential equation system (1), (2), (11), (12), (16) with
respect to the parameters 𝑟i, 𝑣i, 𝑣i, (Te)i, (Qi)i, (Eel)i taking
into account the fact that the right-hand side depends on the
values of 𝑑i which are the solutions of the system of linear
algebraic equation (7). This solution provides the optical and
thermodynamic characteristics of domains and their kinetics.

3. Results
In this section, we present the results of calculations of the

photomodification of Ag multiparticle disordered aggregates
with a locally anisotropic structure under the action of short
laser pulses of high intensity. To perform the calculations,
we used a set of 2000 aggregates generated with the method
of Brownian dynamics,[38] which reproduced the structure of
natural colloidal aggregates. The extinction spectra of such
aggregates were averaged over this set.
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3.1. Picosecond laser pulses

The feature of picosecond laser irradiation is that, due to
the inertia of nanoparticles they do not have time during the
short laser pulse to change their position in the resonance do-
mains under the action of the van der Waals forces in condi-
tions of a decrease in the elasticity modulus of the adsorption
layer of the particles as well as under the influence of the op-
tical interaction.[7] In such time scales, changes in extinction
spectra are caused exclusively by variations in the resonant
properties of the particles in the domains as a result of their
heating and melting.

Figure 2 shows the extinction spectra of monodisperse
and polydisperse aggregates consisting of 50 Ag nanoparti-
cles, with 5 nm radius for the monodisperse aggregates and
with radii from 2 nm to 8 nm, distributed over the trun-
cated Poisson function for the polydisperse aggregates. In or-
der to take into account in the calculations the contribution
of multipole modes, we used the intersection coefficient,[11]

the value of which was determined by correspondence of the
long-wavelength wing of the extinction spectrum to the ex-
perimental ones. We can see that the polydisperse aggregates
have a greater broadening in the long-wavelength wing of the
spectrum.[26]

Figure 3 shows the difference spectra of polydisperse and
monodisperse aggregates. The spectra are averaged over 2000
aggregates and over three mutually perpendicular polariza-
tions of the incident laser radiation. The dependences show
the effect of the pulsed laser radiation on the disordered ag-
gregates of Ag nanoparticles which is accompanied by the for-
mation of a spectrally selective dip near the laser wavelength.
The depth of the spectral dip in the case of polydisperse ag-
gregates exceeds that for monodisperse aggregates, while the
difference in the depth of the dip increases for larger radiation
wavelength. This is due to higher spectral density of reso-
nances in the long-wavelength range for polydisperse aggre-
gates (Fig. 2).

0.6

0.4

0.2

0
400 600 800 1000

λ/nm

monodisperse

polydisperse

Q
e
x
t

Fig. 2. Extinction spectra of aggregates consisting of 50 nanoparticles
with R = 5 nm for monodisperse and R in a range from 2 nm to 8 nm
for polydisperse aggregates.
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Fig. 3. Differential extinction spectra of (a) multiparticle monodisperse and (b) polydisperse aggregates of Ag nanoparticles at the moment of
termination of a laser pulse with a duration of 20 ps and an intensity of 2.4×108 W·cm−2, the vertical dotted line indicates the laser wavelength.

Figure 4 shows similar differential spectra obtained at
40 ns after the start of the laser pulse. As the time elapses since
the end of the laser pulse, the system comes into a state of me-
chanical and thermodynamic equilibrium, which can be pre-
served much longer than the duration of the laser pulse. It can
be seen that, due to the melting of the particles, the humps in
the short-wave part of the spectrum of polydisperse aggregates
disappear over time, which is associated with the cooling and
crystallization of small nanoparticles. In turn, the formation

of humps in the long-wave range of the spectrum is a result of
shift and collapse of particles in resonant domains. This effect
does not manifest itself during short time picosecond pulses
due to the inertia of the particles.

Note, when Ag colloidal aggregates are irradiated with
picosecond laser pulses, a short-wavelength shift in spectral
dips may be observed, and likely cause of this shift may be as-
sociated with the involvement of short-wave quasi-resonance
domains in the laser modification process. We also note that
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experimental registration of changes in plasmonic absorption
spectra is carried out during much longer time – for several

minutes, that may be accompanied by additional restructuring
process in the aggregates.
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Fig. 4. Differential extinction spectra of (a) monodisperse and (b) polydisperse aggregates of Ag nanoparticles 40 ns later the beginning of a
laser pulse of 20 ps duration with the intensity of 2.4×108 W· cm−2, the vertical dotted line indicates the laser wavelength.

3.2. Nanosecond pulses

Simulations of the photomodification and its spectral
manifestation have been carried out for laser pulses with a du-
ration of 20 ns and the radiation intensity 2.66×105 W·cm−2

(Figs. 5 and 6). Under these conditions, the other processes
can cause the modification of the aggregates.

We can see in Fig. 5 at the pulse end the formation of a
dip and the hump adjacent to it in the long-wave range of the
differential extinction spectra of both monodisperse and poly-

disperse aggregates. In this case, their formation is explained
by the fact that during the action of a long laser pulse, the par-
ticles have time to change their position in the resonance do-
mains under the action of the van der Waals attractive forces
due to a decrease in the elasticity modulus of the heated ad-
sorption layer of the particles. As a result, the particles in the
resonant domains approach each other, and a decrease in the
interparticle gaps results in a shift of the resonance of these
domains to the long-wave range of the spectrum.[7,27]
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Fig. 5. Differential extinction spectra of multiparticle (N = 50) (a) monodisperse and (b) polydisperse aggregates of Ag nanoparticles at the
moment of termination of a laser pulse with a duration of 20 ns and intensity 2.66× 105 W·cm−2. The vertical dotted line indicates the
wavelength of the laser radiation.
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Fig. 6. Differential extinction spectra of multi-particle (a) monodisperse and (b) polydisperse aggregates of Ag nanoparticles 40 ns after the
beginning of a pulse of 20 ns duration with an intensity of 2.66×105 W·cm−2, the vertical dotted line indicates the laser wavelength.

An interesting feature of the nanosecond regime of photo-
modification is the pronounced asymmetry of the spectral dip
with respect to the laser wavelength. This effect is observed in
both monodisperse and polydisperse aggregates. Note that ap-
pearance of such a spectral feature can be responsible for the
negative nonlinear refraction in an aqueous medium contain-
ing plasmonic multiparticle aggregates.[22,23] Figures 5 and 6
show a dip in the short-wave range in the differential absorp-
tion spectra. It is such position of a dip that a hump can cause
a negative nonlinear refraction in nanosecond laser pulses.

In nanosecond pulses, particles in resonant domains have
time to change their position during the pulse under the action
of the van der Waals forces in conditions of a decrease in the
elasticity modulus of the adsorption layer of the particles. At
the same time, as a result of strong heating of particles, their
resonant properties change. In this case, the domains with res-
onance frequency in the long-wave range of the spectrum co-
inciding with the laser radiation wavelength cease resonance
interaction with the radiation and their particles stop heating.
On the other hand, domains with resonance bands in the short-
wave range change their resonant frequencies and approach to
the laser radiation frequency, which results in greater heating
of their particles. This combination of negative feedback for
particles in the long-wavelength domains of aggregates and
positive feedback for short-wave domains results in formation
of strong asymmetry in the spectral dip. The presented results
are consistent with experimental data obtained earlier.[21]

4. Conclusion
We have found the principal features of photochromic re-

actions in pulsed laser fields in plasmonic nanocolloids with
aqueous environment containing disordered Ag nanoparticle
aggregates. These features reproduce the experimentally ob-

served extinction spectra of Ag colloids irradiated by pulsed
lasers. It was found that there are both a dynamic mode of laser
modification of such aggregates occurring during a laser pulse,
and a static mode occurring after the pulse. It was shown that
the mechanisms of laser modification of such aggregates de-
pend on the laser pulse duration and can be associated both
with changes in the resonant properties of the particles due to
their heating and melting (picosecond irradiation mode), and
with the particle shifts in the resonant domains of the aggre-
gates (nanosecond pulses). Both of these mechanisms result
in formation of a narrow asymmetric dip near the laser radia-
tion wavelength in the plasmonic absorption spectrum of the
aggregate and depend on the wavelength, intensity, polariza-
tion of the radiation as well as affect the shape and position of
this dip in the spectrum. The static mode of laser modification
occurs due to collapse of neighboring particles in the resonant
domains of the aggregate, even after the pulse end. When ex-
posed to long (nanosecond) pulses, the dip can insignificantly
drift to the long-wavelength spectral range even after the pulse
termination. When exposed to laser radiation on the resonant
and quasi-resonant domains of the aggregate, the particles ap-
proach each other during the pulse. This means that the parti-
cles in domains with small (about 20–30 nm) short-wavelength
spectral shift (relative to the laser radiation wavelength) may
be in resonance with the radiation by the end of the pulse. In
this case, the initial resonance domains will be out of the reso-
nance and will have a long-wavelength shift relative to the ra-
diation wavelength. This results in formation of a hump on the
long-wavelength side of the dip in the differential spectrum.
Herewith, the radiation affects the quasi-resonance domains in
the long-wave side of the resonance, but their heating results
in collapse of particles and an even greater long-wavelength
shift of the resonances. Thus, these domains quickly cease the
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resonant interaction with radiation.
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