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SPR IN CESIUM HALIDE THIN FILMS
DUE TO EMBEDDED ELLIPTIC CESIUM
METAL NANO-PARTICLES

Cesium nanorods embedded in cesium halides (CsCl, CsBr, and Csl) show surface plasmon
resonance (SPR) absorption peaks. The size and shape of these cesium nanorods in the cesium
halide matriz evolve with time, which gives some uncontrollable data for comparing with the
theory. The theory used here was developed by R. Gans. It leads to the good match between
experiment and theory for Cs—Cs halide nanocomposites.
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1. Introduction

Interest in alkali halides (AH) such as CsCl, CsBr,
and Csl has been renewed due to their novel op-
tical properties and possible applications in devices
[1], especially in optical wave guides [2]. Initial in-
terest in AH was due to a variation in their energy
band structure due to changes induced in their lattice
constants [3]. Alkali halides are a photon-absorbing
material in the X-ray and ultraviolet regions due to
their large band-gaps [4, 5]. However, when the com-
pressive pressures are applied to unit cells, their lat-
tice constants decrease, and they start to show the
metallic behavior. Thin layers of AH have been used
as protective layers of a photo-cathode and an elec-
tron source [6, 7]. In addition, AH have gained pop-
ularity in detector and optoelectronic applications
due to their excellent quantum efficiency [8]. Cesium
Halides have also been used as water soluble photo-
resists in the IC fabrication process [9, 10]. The re-
cent report on the natural ageing process has again
brought the spotlight on AH [11]. It was observed
that F-centers/Fy centers or defects are formed due
to the halide atoms moving out of their lattice posi-
tions under the heat treatment [12-14], which leads
to the clustering of Cs atoms. This causes the strong
absorption in the UV-visible spectral region. Scott
[15] also showed that the precipitation volume of
metal clusters formed in alkali halides depends on
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the annealing time. This strong absorption observed
has been ascribed to Surface Plasmon Resonance
(SPR) [16].

Metallic nanoparticles (such as cesium ones) em-
bedded in a dielectric matrix (such as cesium halides)
exhibit the interesting optical properties due to the
collective resonant oscillations of conduction elec-
trons. These collective oscillations on the metallic
surface are called Surface Plasmon Resonance (SPR)
[17]. The optical absorption spectra of metallic nano-
particles can be explained by the classical Mie theory
[18] provided the shape of the nanoparticles are spher-
ical. In the case where the shapes of nanoparticles
are deformed, i.e. they are not spherical in shape and
have taken an ellipsoidal shape (prolate/oblate), then
the Gans model is used. R. Gans [19] had extended
Mie’s work for non-spherical particles. The theory
predicts the splitting of an SPR peak into the longi-
tudinal mode along the major axis and the transver-
sal mode perpendicular to the major axis [20]. The
details of calculation of the extinction coefficient ey
within Gans’ model have been given by Link et al. [21]

In the present work, we report the results of the-
oretical calculations made for the extinction coef-
ficients of cesium metal nanorods in CsCl, CsBr,
and Csl matrix using Gans’ model. These calcula-
tions were then compare with the experimental re-
sults reported earlier in [12-14]. The factors known
to influence the SPR peak position are the size of
a metal nanoparticle, its dielectric constant (i), par-
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ticle shape, and (ii) the surrounding media via its
dielectric constant. We shall investigate factors (i)
& (ii) in cesium-cesium halide nanocomposite films,
i.e. various graphs have been generated for cesium
nanorods with varying sizes in three different ce-
sium halide matrices surrounding backgrounds (CsCl,
CsBr, & Csl), by using the Gans’ model. The dielec-
tric constant € for the cesium metal required as an
input parameter for calculations within Gans’ model
was taken from the work by Smith [22].

2. Results and Discussion
2.1. Dependence on the aspect ratio

As was discussed, the nature of the SPR peak and
its position strongly depend on the shape of a metal
nanocluster. A sphere due to its symmetry would
result in a single SPR peak. However, in a non-
spherical shaped metal nanocluster like a nanorod,
the Coulombic restoring force on the electron cloud
would be different in different directions due to the
varying surface curvatures (Fig. 1 ,a). Hence, depend-
ing on whether the excitation radiation is falling per-
pendicularly to or in parallel to the axis of a nanorod
(hence, seeing two different curvatures), two SPR
peaks are obtained, the transverse and longitudinal
modes, respectively. The asymmetry in the nanorod
relative to a sphere is given as the aspect ratio (as-
pect ratio is the ratio of the minor axis to the ma-
jor one, see Fig. 1, a). In this paper, we have car-
ried out simulations for aspect ratios varying from
0.1 to 0.9. Figure 1, b shows the two peaks for cesium
metal nanorods with an aspect ratio of 0.4 in a ce-
sium bromide matrix. The clearly resolved transverse
and longitudinal modes in the visible and IR region of
the spectrum, respectively, can be seen. The experi-
mental results for cesium—cesium bromide nanocom-
posites with nanorods of 0.4 aspect ratio have been
presented together with the theoretical results. The
match between them in the visible region (experi-
mental result was obtained, by using UV-visible spec-
troscopy for 300 < A < 900) is quite good. As ex-
plained above, the SPR peak position (or rather the
maxima of the extinction coefficient o) becomes
very sensitive to the aspect ratio of the nanoparti-
cle. In fact, a small variation in the aspect ratio re-
sults in a huge shift in the SPR peak position.
Figure 2 was drawn from numerous theoretical
simulations made for nanorods with different aspect
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Fig. 1. Illustration of the geometrical shapes of the nanopar-
ticle (ellipsoid) (a). The simulation shows SPR peaks of due
to non-spherical cesium metal clusters in a cesium bromide

medium (i.e. AR # 1) (b). The theoretical values agree well
with the experimental curve
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Fig. 2. Simulation shows variations in the SPR. peak position
(a) and the dependence of the peak intensity on the aspect ratio
(b). Curves were generated for the fixed metal nanocluster size
and surrounding medium
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Fig. 3. Simulation showsa a family of curves (different aspect
ratios) exhibiting variations in SPR peak positions (triangle,
filled circle, and circle for AR = 0.1, 0.2, and 0.3, respectively)
(a) and peak intensities (triangle, filled circle, and circle for
AR = 0.1, 0.2, and 0.3, respectively) with the refractive index
of a surrounding medium (b)

ratios, but of the same size in the same dielec-
tric medium (cesium bromide). The variation in peak
positions of the transverse and longitudinal modes
w.r.t. the aspect ratio is shown in Fig. 2. As the as-
pect ratio increases, the transverse mode peak shows
a red shift, while that of the longitudinal mode shows
a blue shift. As expected, both peaks converge when
the aspect ratio approaches unity (i.e., when cluster
becomes spherical).

2.2. Dependence on the surrounding medium

The SPR peak position and intensity are strongly de-
pendent on the refractive index of a dielectric ma-
trix, in which metal nanoparticles are dispersed ran-
domly. In fact, the resonance condition (or SPR peak
position) is obtained, when the frequency-dependent
metal dielectric constant is equal to the dielectric
constant of a surrounding medium, which is usually
constant. Mathematically, we say that the SPR peak
is obtained, when —eémetal(W) = €media- Usually, the
graphs of SPR peak positions are plotted with re-
spect to the refractive index of a medium, since the
dielectric constant of a medium (€,,) is related to its
refractive index. The refractive indices of cesium chlo-
ride, cesium bromide, and cesium iodide are 1.6403,
1.69706, and 1.78718, respectively [23]. The data in
Fig. 3, (triangle, filled circle, and circle for AR = 0.1,
0.2, and 0.3, respectively) are the experimental data
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for cesium nanoparticles embedded in a cesium bro-
mide matrix.

Hence, one can expect a variation in both peak
positions and intensities of the SPR due to cesium
nanorods of the same shape and size embedded in
three different Cesium halides. Both the transverse
mode SPR peak position and its intensity show a
linear variation with increasing the refractive index
of a surrounding medium (Fig. 3). The slope of this
variation is expressed in nm/RIU (Refractive Index
Unit). A large slope would yield a large shift in the
SPR peak position and a similar large increase in
the intensity for a small change in the refractive
index of the background. The nature of the curves
clearly shows that the sensitivity to the background
refractive index would depend on the shape of the
metal nanoparticle, with sensitivity being maximum
for spherical particles.

3. Conclusion

The optical absorption properties of cesium-—cesium
halide nanocomposite thin films are studied theoret-
ically, by using Gans’ model. The dependence of the
surface plasmon resonance peak position and inten-
sity on the cesium particle grain shape (aspect ratio
of nanorods), and the surrounding medium (CsCl,
CsBr, and Csl) are investigated. The scattered ex-
perimental data are fitted well with the theoretical
model results, by suggesting that Gans’ model is ad-
equate for a simple metal in dielectric systems. The
continuous variation in the SPR peak position and
intensity with the aspect ratio of cesium nanorods
and the surrounding refractive index suggest that a
good tunability can be achieved by controlling these
parameters. Such knowledge will allow one to control
the design and engineering of sensors and particle de-
tectors based on SPR responses.
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Kandin Kymap, I1. Apyn

IMOBEPXHEBUN ITIJTASMOHHUI PE3SOHAHC
BLI EJIITUYHNX HAHOYACTUHOK IIE3IIO,
BBYJIOBAHUX YV TOHKI IJIIBKU TAJIIIY ITE3IFO

Pezmowme

Busueno niku abcopbiil MOBEPXHEBOrO IJIA3MOHHOTO PE30HAH-
Cy Bijg HaHOCTPMKHIB He3iio B rayigax nesio (CsCl, CsBri Csl).
Pozwmip i hopma nux HAHOCTPHUKHIB 3MIHIOIOTHCS 3 9aCOM, IO
Be/JIe JI0 TPYAHOIIIB MOPiBHAHO 3 Teopiero. ['apHy BiamnosigHicTh
eKCIlepuMeHTy 1 Teopil misi maHokommosutiB Cs-raming mesiro
oTpumaHo B pamkax mozesi P. Tauca.

827



