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Interactions of pulsed laser radiation with resonance domains of multiparticle colloidal aggregates having an increas-
ingly complex local environment are studied via an optodynamic model. The model is applied to the simplest configurations,
such as single particles, dimers, and trimers consisting of mono- and polydisperse Ag nanoparticles. We analyze how the
local environment and the associated local field enhancement by surrounding particles affect the optodynamic processes in
domains, including their photomodification and optical properties.
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1. Introduction

The physics of interactions between metallic nanoparti-
cle aggregates and pulsed laser radiation is an important part
of nanoplasmonics; it involves a broad scope of research in
optics and nonlinear optics accompanied by a wide range of
application problems.!!2% In particular, these problems in-
volve fabrication of surface plasmon polariton waveguides
and devices, novel solutions in medicine, lab-on-a-chip plas-
monic biosensing, plasmonic enhancement of optical prop-
erties of metal nanoparticles and ultrasensitive Raman spec-
troscopy of biomolecules adsorbed by plasmonic nanoparti-
cles in colloidal aggregates, new nonlinear optical and pho-
tochromic composite materials containing plasmonic colloidal
aggregates, and so forth.

Approaching most of the problems requires a deep under-
standing of the processes underlying the interaction of high
intensity optical radiation with systems of plasmonic nanopar-
ticles.

Under external optical radiation, plasmonic nanoparticle
aggregates feature giant fluctuations of electromagnetic field
that are strongly associated with the geometry of the local
environment of each particle or, more exactly, with the de-
gree of anisotropy of the local environment of particles in an
aggregate.[21-2%]

Fluctuations of electromagnetic field, in turn, result in in-
homogeneous broadening of plasmon absorption bands of dis-
ordered multiparticle aggregates. The absorption amplitude at
the resonance frequency correlates with the number of reso-
nance domains.3%23]

DOI: 10.1088/1674-1056/24/4/047804

Resonance domains can include both single parti-
cles and groups of particles in an aggregate with a sin-
gle resonant frequency closely coupled by electromagnetic
interaction.!!7-21:22.24] Their location in an aggregate is deter-
mined by the maximum amplitude of the local field.

Generally speaking, the resonance domain is a group of
closely spaced optically interacting particles in an aggregate
whose resonance frequency coincides with or is close to the
radiation frequency. In our case, proximity of a particle to res-
onance is determined by the maximum magnitude of dipole
moments induced by laser radiation.

Electromagnetic interaction of particles with each other
in a resonance domain and with an applied optical field may
alter the resonance frequencies, depending on the position of
particles in the domain and the particle size.>*16-2122.24] The
inhomogeneously broadened extinction spectrum of a multi-
particle aggregate is a set of spectral modes spread over a
wide range of frequencies corresponding to different reso-
nance domains.>*231

Optical interparticle links!>)! are realized due to the
dipole interaction between particles; the dipole moment of
each of them is calculated by the coupled dipole method (see,
e.g., Refs. [3], [4], and [16] and references in Ref. [17]) al-
lowing for the contribution from higher multipoles.>32 Tn
Ref. [24], we reported finding the roles and contributions of
various interrelated factors leading to photomodification of Ag
dimer-type domains under applied picosecond laser pulses.
Evolution of the spectral properties of a domain, whose res-
onance frequency dynamically changes while a picosecond
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laser pulse is on, may be associated with changes in the ag-
gregate state of the metallic core of particles in domains, and
after the pulse is over with shifts of neighboring particles in the
domain relative to each other. Furthermore, the spectral prop-
erties of a domain may vary with the sizes!?®! and shapes of
the particles (see also our earlier paper!!®l covering the effect
of particle polydispersity on the dimer absorption spectrum).
All these processes lead to photomodification of the resonance
domain and, hence, to photomodification of large colloidal ag-
gregates in pulsed laser fields. This causes photochromic re-
actions in noble metal nanocolloids and nanocomposite plas-
monic materials. Note also that understanding the processes
in resonance domains in pulsed laser fields can help to explain
the pattern of interaction of multiparticle colloidal aggregates
with laser radiation in various optical and nonlinear optical
phenomena.

Our aim is to study the interaction between pulsed laser
radiation and a resonance domain of a multiparticle aggregate
depending on the number of particles in the domain and to find
out how the local environment of plasmonic nanoparticles af-
fects any photomodification and the kinetic characteristics of
the domain.

2. Physical model

The model of resonant interaction of a domain with laser
pulses proposed in Ref. [24] takes into account a wide range of
interrelated mechanical, thermodynamic, chemical, physical,
and optical processes. On one hand, these processes are due to
the local interparticle interactions, of various natures, occur-
ring in domains of a multiparticle aggregate, and on the other
hand, they arise from factors accompanying these interactions.
Note that models of the resonant interaction of a domain with
laser radiation were also considered in Refs. [14]{16].

The physical pattern of the interaction of a domain with
laser radiation is as follows. Before a laser pulse is applied,
there is a balance of the van der Waals and elastic forces in
the domain particles. High-intensity laser radiation generates
light-induced forces, existing however only for as long as the
pulse is on. Absorption of radiation by the domain leads to
heating of conduction electrons in the particles. Heating of
electrons leads to heating of the ionic subsystem of the parti-
cle material (crystal lattice) and the heat is transferred to the
polymer adsorption layer (adlayer). This results in the destruc-
tion of molecular bonds in adlayers and the degradation of
their elastic properties. This is accompanied by an imbalance
of forces and by approaches of particles to each other under
the van der Waals attraction (up to a complete contact of their
metallic surfaces). Furthermore, heating and melting of par-
ticles results in increased relaxation constants of conduction
electrons, which reduces the Q-factor of surface plasmon reso-
nance and hence affects the efficiency of laser interaction with
the domain. That is, radiation affects the position of a parti-
cle in the domain through their heating and thereby changes

the optical properties of particles (in case of melting) as well
as changing the elastic properties of their adlayers. Thus, in-
teraction of a nanoparticle aggregate with radiation is essen-
tially nonlinear. Note that the role of melting was ignored in
the earlier models of resonant domains (see, e.g., Refs. [17]
and [18]).

Our model is based on the system of differential equations
and the set of linear algebraic equations (18) from Ref. [24]
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Here ¢ is the time from the start of the pulse; m;, R;, v;,
r;, and F; are the mass, radius, speed, and radius vector of
the center of mass of the i-th particle, and the resultant force;
(Fyaw); is the van der Waals force, (Fy)); is the elastic force
related to the deformation of the adlayers of contacting parti-
cles; (Fopt)l. is the optical force caused by the interaction of
light-induced dipoles; (Fy); is the viscous friction force; (Ft);
is the tangential interparticle friction forces; Uqp, is the poten-
tial energy of the interaction of light-induced dipole moments;
d; is the light-induced dipole moment; E(r) is the strength
of external electromagnetic field (E¢ is the amplitude of the
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field, and the symbol (*) denotes complex conjugation); o is
the dipole polarizability of the i-th particle; 7 is the laser pulse
duration; H(x) is the Heaviside function; k is the wave vec-
tor of laser radiation; 7’;; is the vector joining the centers of
the particles, adjusted for the renormalization coefficient; 26!
Gp is the interparticle interaction tensor;!**! &; is the dielec-
tric constant of the particle taking into consideration its size,
temperature, and aggregate state; &, is the dielectric constant
of the interparticle medium; o, is the extinction cross section,
Q. is the extinction efficiency, (E.); is the elasticity modulus
of particle adlayer; 7o = 1071? s—10~13 s is the characteristic
vibration period of atoms in molecules. 7; is the relaxation
time of molecular bonds in adlayers; (7Tp,); is the average tem-
perature of the heated area near the i-th particle; (T¢);, (T3);
are the temperatures of electron and lattice (ion) component of
the i-th particle; (Ce), is the volumetric heat capacity of elec-
tron components; g is the rate of energy exchange between the
electron and ion subsystems; W; is the absorbed power of laser
radiation; V; is the particle volume; @ is the angular frequency
of the laser radiation; (g;); is the heat flow per unit volume,
describing thermal losses; 71.(R;) is the size dependence of the
melting temperature; (Q;); is the thermal energy transferred to
the ion component of a particle, (Q1);, and (Q,); are the ther-
mal energies at the initial and final stages of melting. Greek
subscripts denote the Cartesian components of vectors and ten-
sors.

Unlike the original version, 718 the model in Ref. [24]
takes into account the following factors: the light-induced in-
terparticle forces in aggregates with an arbitrary geometry and
an arbitrary number of particles; the polydispersity of parti-
cles inherent in real metallic nanocolloids; the dependence of
the metal relaxation constant on the temperature and aggre-
gate state of the particle material, and the melting temperature
dependence on the size of the particle. As shown below, the
multifactorial nature of the interaction of a domain with laser
radiation leads to complex dynamics of particles in domains
depending on the radiation parameters. Allowance for the ac-
companying phenomena related to interaction that play a key
role in laser photomodification of plasmonic nanoparticle ag-
gregates makes the model versatile and suitable for describing
real optical and nonlinear optical processes occurring in arbi-
trary nanocolloids and “metal-insulator” nanocomposites.

3. Results

In this section we discuss the results of applying our op-
todynamic model to calculate the kinetic characteristics of the
interaction between pulsed laser radiation and resonance do-
mains of a multiparticle colloid aggregate such as a trimer
consisting of three spherical Ag nanoparticles with different
local environments (Figs. 1(a), 1(b)). In addition, we compare
these results with the kinetic characteristics of dimers as well
as with single spherical Ag particles without regard to the lo-
cal environment (Fig. 1(a)). Thus we have a set of objects with

different local environments, which brings out the contribution
of this factor to the investigated processes. In a general case,
orientation of dimers to the laser field polarization can be ar-
bitrary. In this section, however, we chose to study resonant
domains that are parallel to the polarization (Fig. 1(b)), since
in this case the photomodification effects (changes of spectral
and structural characteristics) are most pronounced (compared
to the transversal polarization). The domain characteristics
were shown to change insignificantly for transverse polariza-
tion under the same conditions.
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Fig. 1. Kinetic parameters of a single spherical particle (R; =5 nm) (a).
The laser wavelength downward: A = 350, 380, 410 nm. Q: curve 1
for the initial stage, curve 2 at the pulse end (+ = 20 ps), curve 3 for
t =20 ns. (b) A schematic drawing of polydisperse domains. (B) For
big and (S) for small particles (longitudinal orientation of domain to the
laser field polarization). The parameters T, = 103K, T, = 10° K.
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We emphasize that the locally anisotropic environment of
particles in colloidal aggregates (i.e., their chain-like structure)
is their intrinsic feature, so the trimers in a triangular config-
uration are atypical in disordered aggregates with a dendrite
structure (see, e.g., Refs. [21], [22], and [27]).

In typical nanocolloids, nanoparticle diameters fall within
the range 3 nm—-20 nm. In this paper we demonstrate the differ-
ence between the interactions of laser radiation with domains
formed by monodisperse and polydisperse nanoparticles. In
the monodisperse case, the particle radii are 5 nm. In the case
of polydisperse particles, the radius is R; = 8 nm for a bigger
particle (B) and R; = 2 nm for a smaller one (S). (The average
size is 5 nm, as in the monodisperse case.)

We compare the basic kinetic characteristics of monodis-
perse and polydisperse resonant trimers with those of the cor-
responding dimers (for the latter we look at the “resonance
case”; i.e. when the peak of the extinction spectrum (within
the plasmon absorption band) Aax occurs at the laser radiation
wavelength Aj,s), the average radius of a polydisperse domain
being the same as the radii of monodisperse particles. The
following domain characteristics (see Fig. 2) are compared:
the extinction spectra Q¢ (A), the temperature of ion (7;); and
electron (T¢); components of the metal, the interparticle gap
hi; and the elasticity modulus (E); of the polymer adlayer of
particles. Changes in the domain characteristics due to heating
and melting of the particle material occur under applied laser
pulses having 7 = 20 ps duration and various wavelengths.

The initial values are h;; ~ 1 nm for the interparticle gap,
hi = h; =0.65 nm and Eg = 3 X 108 N/m? for the thickness
and the elasticity modulus of the polymer adlayer, respectively
(hij < hi + hj in the case of the deformation of adlayers in the
contact area). The elasticity modulus depends on the balance
of particles in the domain before a laser pulse is applied.

Figure 1(a) illustrates the evolution of the extinction spec-
trum Qe, (Fig. 1(a): (al), (a3), (a5); curve 1) and the tem-
perature of the electronic 7. and the ionic 7; subsystems
(Fig. 1(a): (a2), (a4), (a6)) of a single spherical particle with
radius R; = 5 nm under the action of a picosecond laser pulse.
The radiation intensity in Fig. 1-3 is 7 = 7.5 - 108 W/cm?,
which corresponds to the lower threshold of manifestations 4]
of static (persistent after the pulse) photomodification of a
monodisperse resonant domain (dimer or trimer). The ex-
tinction spectrum of a low-concentration aggregated colloid
within the plasmonic absorption band virtually coincides with
the absorption spectrum because the absorption is a dominant
factor in extinction (scattering is negligible). Changes in the
extinction spectrum of a single particle caused by a picosec-
ond laser pulse are manifested by a drastic decrease in the
Q-factor of the plasmon resonance (Fig. 1(a): (al), (a3), and
(a5); curve 2). This is due to the increased relaxation constants
of heated particles when they reach the melting temperature
(Fig. 1(a): (a2), (a4), (ab)). (241 The original plasmon resonance
recovers as the single particle cools down 300 ps—400 ps after
the laser pulse ends.

3.1. Comparative kinetics of monodisperse dimers and
trimers

Figure 2 shows the kinetics of the basic characteris-
tics (see above) of monodisperse domains consisting of two
(Fig. 2(a)) and three (Fig. 2(b)) particles with a radius R; =
5 nm. Figure 2(b) illustrates the kinetics of the elasticity mod-
ulus (Eg); for the central particle, since the change of (Ey);
for lateral particles is negligible.

A distinctive feature of the extinction spectrum of a trimer
compared to that of a dimer is a greater extension of its long-
wavelength wing (Fig. 2(a), and, Fig. 2(b): (bl)). This is ex-
plained by the stronger electromagnetic interactions between
particles in a trimer leading to the shift of eigen resonances of
particles.

The local field enhancement effect has a different impact
on the process of photomodification of a monodisperse trimer
compared to a monodisperse dimer. The difference lies in the
heating rate of the central and lateral particles (Fig. 2(b): (b2),
and (b3)). A significant difference between temperatures of
particles in a trimer is due to the different local environments
of the particles. In particular, the central particle in a trimer is
surrounded by two lateral particles, while particles in a dimer
each have just one adjacent particle. The presence of lateral
particles in a trimer increases the local field near the central
particle due to the fields produced by light-induced dipole mo-
ments of the neighboring particles. The local field near the
center of a trimer is stronger than the local fields near lateral
particles, and stronger than that around each of the particles
in a dimer (for the same particle size and interparticle gaps).
This explains why the electron and ion subsystems reach their
maximum temperatures near the central particle. In particu-
lar, in the case of resonance (Fig. 2(b)), because of heating of
the central particle in the trimer (Fig. 2(b): (b2)) the elastic-
ity modulus of its adlayer reduces and the particles approach
each other under the influence of the van der Waals forces
(Fig. 2(b): (b4)). Thus, prevalent heating of central particles
in a monodisperse trimer is the dominant factor in its photo-
modification.

If domain particles reach the melting temperature while
the laser pulse is on, there is a sharp decrease in the quality
factor of plasmon resonances (Fig. 2(a): (al); Fig. 2(b): (bl);
curve 2), describing the dynamic photomodification (mani-
fested only during the pulse).

Once the pulse ends, spectral changes are caused by the
approach of particles to each other, which is due to the low
elasticity modulus of adlayers and the predominant influence
of the van der Waals attraction. The approach leads to a
shift of the extinction spectrum to the long-wavelength range
(Fig. 2(a): (al); Fig. 2(b): (bl); curve 3). Cooling of the parti-
cle restores its plasmon resonance.

The irreversible approach of particles to each other con-
tributes to static changes!?*! both in optical and in structural
characteristics.
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Fig. 2. Kinetic parameters of a monodisperse dimer (a) and trimer (b). In the trimer, the interparticle gap of the nearest particles is h;; = hia = ho3,
due to the symmetry of the trimer, and E¢] denotes the elasticity modulus of the adlayer of the central particle. The laser pulse wavelength is (a)
A =460 nm, (b) A = 500 nm. Curve 1 for the initial stage, curve 2 at the pulse end (r = 20 ps), curve 3 for = 20 ns. The parameters T, = 10° K,

T, = 10% K, E¢ = 108 N/m?, h;; in unit nm.

3.2. Comparison of kinetics of polydisperse dimers and

trimers

As noted above, the local environment is determined not
only by locations of neighboring particles in a domain but also
by their size. Even if particles are arranged symmetrically with
respect to the central particle, if their size is different, the local
field enhanced by adjacent particles and acting on the central
particle is determined by the size of the surrounding particles
as well.

Figure 3 shows the kinetics of the basic characteristics
of a polydisperse domain consisting of two (Fig. 3(a)) or three
(Fig. 3(b)) different size particles: big R; = 8 nm (B) and small
R; =2 nm (S). Kinetics of the elasticity modulus is given for
small particles (for larger ones it varies insignificantly).

The extinction spectrum of a polydisperse domain ex-
hibits asymmetry of the plasmon absorption band (Fig. 3(a):
(al); Fig. 3(b): (bl); curve 1 (see also Ref. [24])). Note that
the spectrum of polydisperse domains is less extended into the
long-wavelength range than monodisperse domains, due to the
weaker electromagnetic interaction of highly polydisperse par-
ticles.

The effect of the difference in the local field of nearby
particles is even more pronounced among polydisperse trimers
than among monodisperse trimers, because the local environ-
ment is not only determined by the position but also by the
size of neighboring particles.

To study the photomodification of polydisperse trimers,
we used a “small-big-small” — SBS (rather than BSB) con-
figuration, since the high local field enhanced by big lateral
particles on a small central particle in a BSB configuration
leads to instantaneous melting of small particles. Under these

conditions, the BSB domain spectrum is similar to that of two
separate weakly interacting particles.

The different heating rates and temperatures of the par-
ticles (Fig. 3(a): (a2), (a3); Fig. 3(b): (b2) and (b3)) are ex-
plained by a different-size environment wherein a bigger cen-
tral particle produces a higher local field near small lateral par-
ticles. While a small particle melts upon reaching the melt-
ing temperature under the applied pulse and loses its resonant
properties, a bigger particle maintains its crystal lattice. This
leads to a shift of the extinction spectrum maximum to the
short-wavelength range. Melting of bigger particles is accom-
panied by a sharp decrease in the quality factor of the plasmon
resonance (Fig. 3(b): (bl); curve 2). The effects described
above correspond to a manifestation of dynamic photomodifi-
cation.

Changes in the extinction spectrum (Fig. 3(b): (bl);
curve 3) and structural characteristics (Fig. 3(b): (b4)) 20 ns
after the pulse ends are the result of static photomodification.

Figure 4 is a generalized dependence of the threshold
of static photomodification of the domain as a function of
nanoparticle size dispersion AR. As can be seen from the
figure, for the dimer (BS) and trimer (BSB) configurations,
the photomodification threshold monotonically decreases with
growing AR, whereas for SBS trimers, this dependence is non-
monotonic.

Since static photomodification occurs when the elasticity
modulus of the adlayer of at least one particle drops far enough
to allow the collapse of the domain under the van der Waals
attraction, the threshold of photomodification of this type of
domain is determined by the temperature of the hottest parti-
cles. The temperature of a particle is determined by its local
environment, and hence by the local electromagnetic field pro-
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duced by this environment. In a dimer, the hottest particle is
always the smaller one,**! since a bigger particle produces
stronger local field on the smaller one. Accordingly, a grow-
ing difference in the particle size results in higher temperatures
of small particles and eventually in a lower photomodification

threshold. Similarly, in the BSB trimer, two big particles sur-
rounding a small central particle produce a stronger local field
than the small particle does on big ones. This requires less
laser field energy for photomodification with increased size
dispersion.
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Fig. 3. Kinetic parameters of a polydisperse dimer (a) and trimer (b). In the dimer, E,; denotes the elasticity modulus of the adlayer of a small
particle. In the trimer, (with SBS configuration) h;; = hi2 = hy3 due to the symmetry of the trimer, and E,; denotes the elasticity modulus of
adlayers of lateral particles. The laser radiation wavelength is (a) A =400 nm, (b) A =420 nm. Curve 1 for the initial stage, curve 2 at the pulse
end (t = 20 ps), and curve 3 for r = 20 ns. The parameters T, = 103 K, T; = 10® K, E¢ = 108 N/m?, h;j in unit nm.
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Fig. 4. Radiation intensity corresponding to the threshold of static mod-
ification versus size dispersion (AR = max (R;) —min (R;)) for different
types of resonance domains: BS for dimer, SBS for trimer, and BSB for
trimer.

However, the situation is different in an SBS trimer.
When the size dispersion is insignificant, the local field en-
hanced by two small particles surrounding a bigger one is
stronger than the local field enhanced by the big particle on
small ones. Static photomodification in this case is determined
by the energy expended on melting of the big central particle.
Thus the local field enhanced by smaller particles on bigger

ones decreases with the growth of the size dispersion AR, in-
creasing the threshold for small AR (AR < 1 nm). However,
beyond a certain value of AR (AR > 1 nm), when the size dis-
persion is significant, the local field enhanced by bigger parti-
cles on smaller ones becomes stronger than the field enhanced
by smaller particles on the bigger ones. Once this becomes the
case, static photomodification will be determined by the tem-
perature of the small particles. Since the local field at small
particles increases with AR, the photomodification threshold
decreases.

Figure 5(a) schematically illustrates the range of laser
radiation wavelengths against the extinction spectrum of do-
mains and its maximum (Ap,y), within which static photo-
modification of polydisperse domain is possible. There are
two resonances of the system in the extinction curve: short-
wavelength (weakly pronounced) and long-wavelength reso-
nances (the latter has a higher amplitude). As AR grows, the
short-wavelength resonance shifts toward shorter wavelengths
and reduces its amplitude.

Figure 5(b) shows the dependence of the shift of the spec-
tral range of domain photomodification (A pog — Amax = AA)
on AR. The calculations are performed for a field strength
1.15 times greater than the threshold of photomodification at
the laser wavelength Aj,s = Amax (T = 20 ps). As can be seen
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from Fig. 5(b), as AR grows, the middle of the photomodifica-
tion range (Amoq) monotonically shifts to shorter wavelengths
relative to Amax. This feature was found statistically in the cal-
culations of photomodification for a large series of dimers and
trimers and various AR values.

As can be seen from the presented dependence, the shift
of the photomodification range toward shorter wavelengths in-
creases with the degree of polydispersity of the domain. This
is explained by the asymmetry of the absorption band of a
polydisperse domain having a longer short-wavelength wing,
which contributes to a stronger absorption of radiation in this
wing. In a monodisperse domain, the range shift tends to zero,
due to the symmetry of the extinction contour.

Slight nonmonotonicity in the dependence AA (AR)
(Fig. 5(b)) is observed as it increases at AR = 6 nm, due to
a decrease of the amplitude of short-wavelength resonance of
the system and shortening of the short-wavelength wing with
growing AR. Accordingly, the shortening leads to a reduced
radiation absorption in the short-wavelength wing. Thus, for
AR = 6 nm, the chosen laser intensity appears to be insufficient

(a)
o /
)‘mod Amax A
b| T 'I\ T T T T T T
0HPg--="%1 —e—BS
5t 4
£ —10f ]
<
3
—15F 4
—20F 4
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0 1 2 3 4 5 6
AR/nm

Fig. 5. (a) Spectral range of static photomodification (in gray) with respect
to the extinction spectrum of polydisperse dimers or trimers (schematic
representation). Highlighted in gray is the wavelength range of laser radi-
ation where static modification occurs at a given radiation intensity. The
middle of this range is Amoeq, the wavelength corresponding to the maxi-
mum spectral extinction is Am,y; (b) dependence of the shift of photomod-
ification mid-range A mog — Amax = AL (relative to A,y ) on the degree of
domain polydispersity.

for static photomodification. In this case, absorption occurs in
the range of longer wavelengths, and the range of photomod-
ification shifts to the same range. In a monodisperse domain,
the shift tends to zero due to the symmetry of the extinction
contour.

4. Conclusion

The spectral range of static photomodification of a reso-
nance domain of a multiparticle colloidal aggregate under pi-
cosecond pulsed laser fields shifts to a short-wavelength range
relative to the maximum of the domain absorption band with
the growing size dispersion.

A higher degree of polydispersity of the resonance do-
main reduces the radiation intensity threshold of its static pho-
tomodification. Since static photomodification occurs when
the elasticity modulus of adlayers of at least one of the parti-
cles decreases enough to allow particles in the domain to col-
lapse under the van der Waals attraction, the threshold of this
type of photomodification is determined by the temperature
of the hottest particle. This temperature depends on the local
environment of particles in the domain and on the local field
enhanced by this environment. Accordingly, the temperature
of small particles grows with the difference in particle size,
which causes a monotonic decrease in the threshold of static
photomodification for dimers and trimers with BS or BSB con-
figurations.

The local field near the central particle in a monodisperse
trimer is stronger than the local field near its lateral particles
and stronger than the field near each particle in the dimer,
which is in the presence of just one neighbor particle (given
the same particle size and interparticle gaps). Therefore the
maximum temperature is reached in the central particle of
monodisperse trimer (except in the BSB configuration). Thus,
the position of particles in a monodisperse trimer determines
the photomodification and changes of optical and structural
characteristics of the trimer.

In contrast, an additional and more significant factor for
the manifestation of photomodification is the polydispersity of
the plasmonic nanoparticles in aggregates. In highly polydis-
perse dimers or trimers, the hottest particle is always small,
because big particles (or two big particles surrounding a small
one) produce a higher local field at the small particle than the
small particle does at a bigger one.

A single-particle resonance domain can be subjected only
to dynamic reverse photomodification because of melting of
the particle and its subsequent crystallization. Dynamic pho-
tomodification is also characteristic of multiparticle domains,
and it is due to melting of one or more of the particles accom-
panied by a change in the absorption spectrum of the domain.
Dynamic photomodification of colloidal aggregates under pi-
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cosecond laser pulses always precedes their static photomodi-
fication.
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