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Abstract: The nanoparticles embedded in the film are assumed to be distributed in-plane in average 
homogeneously exhibiting an inhomogeneity across the film thickness. This assumption allows us to perform in-
plane homogenization, taking into account inhomogeneity in distribution of nanoinclusions across the film 
thickness. By use of the self-consistent approach based on the concept of effective susceptibility and the Green 
function method, it was calculated an optical response of films consisting of metal spheroidal nanoparticles in a 
dielectric matrix. Calculated absorption and reflectivity maps exhibit plasmonic excitations in the visible range 
for the nanocomposite films with gold nanoinclusions in Teflon matrix. The influence of the distribution of 
nanoinclusions across the film thickness on the images of the calculated maps is under consideration. 
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1. Introduction 

 

To understand optical properties of nanocomposite 
films, one needs to develop adequate models. 
Commonly used physical models of nanocomposite 
thin films are mainly based on the effective medium 
theories (EMT) [1]. However, a direct use of the 
effective dielectric function encounters some 
difficulties within the EMT studying optical  
properties of nanocomposite thin films [2]. These 
discrepancies, in our view, stem from the effects 
related to contributions of out-of-plane (normal to the 
film plane) interactions between nanoparticles inside 
the matrix as well as between nanoparticles and 
interfaces. In the case of a sufficiently thin film, the 
characteristic length of averaging across  
the film thickness becomes comparable to the 
thickness itself. This leads to the inability of 

accounting for the local field inhomogeneities in the 
film and prompts for developing a different scheme of 
averaging. 

The optical response of thin nanocomposite films 
can be obtained in the framework of self-consistent 
approach using the effective susceptibility concept  
[3-4]. In this work, we present a modification of the 
self-consistent approach to the calculation of the 
optical response of nanocomposites which has been 
proposed and applied to thin nanocomposite films 
illuminated by a normally incident monochromatic 
light [5-6]. 

In [7] we have developed the method for the case 
of oblique incidence of light. We have demonstrated 
our method, applying it to the analysis of optical 
absorption and reflectivity spectra [8] of thin films 
with embedded gold inclusions of different shapes in 
Teflon matrix (Au/Teflon nanocomposite). 
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2. Optical Response of Thin 
Nanocomposite Film 
 
The cross section of system under study is 

presented in Fig. 1. The film with embedded identical 
spheroidal metal nanoparticles in dielectric matrix 
with the dielectric constant εm is deposited on the 
substrate with the dielectric constant εs and is 
illuminated by plane monochromatic light. The 
incident light is polarized either parallel  
(p-polarization) or perpendicular (s-polarization) to 
the plane of incidence.  
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Fig. 1. Sketch of cross section of thin film (2) with noble 
metal inclusions, inhomogeneously distributed across the 

film thickness, on the substrate (3). 
 
 
The starting point of the theoretical studying is the 

Lippmann-Schwinger equation of self-consistency 
[9], averaged over the positions of inclusion particles. 
The embedded nanoparticles are assumed to be 
distributed in plane of the film in average 
homogeneously. Therefore it is possible to perform in-
plane homogenization accounting for inhomogeneity 
in distribution of nanoinclusions across the film 
thickness.  

Taking into account the homogeneous distribution 
of inclusions in the film plane, at first we have 
performed averaging over the in-plane positions  

br  ( 1, 1 ( )b N b a= − ≠ ) of centers of all inclusion 

particle except the ath particle in self-consistent 
equation for local field inside the particles. In k||-z 
representation, we have obtained the averaged linear 
response ( )

||( , , )a
ij azΧ ωk  of the ath inclusion particle to 

the k|| spatial harmonic of background field [7]  
as follow  
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Here ω  is the frequency of incident electromagnetic 
wave ||k  is the longitudinal (in-plane) wave vector 

directed along the x-axis in Fig. 1, || 0 sin xk= θk e , xe  

is the unit vector along the x-axis in Fig. 1, θ  is an 

angle of incidence of light, 0m mk k= ε , 0 /k c= ω ,

( )af z  is the filling fraction of inclusion particles in 

the film per unit area of cross section z = za, 
(2)

||( , , , )kj aG z z ωk  is the electrodynamic Green function 

(the photon propagator), describing the 
electromagnetic field propagation inside the three 
layer planar structure (without embedded 
nanoparticles) with perfect interfaces [10], where both 
the observation point and source point are located 
inside the film. ( ) ( )p

jlΧ ω  is the polarizability (the 

effective susceptibility) of a single inclusion particle 
in the matrix with dielectric constant εm.  

Taking into account the Fresnel equations for  
s- and p-polarizations of incident light (external field) 
inside the three-layer system (Fig. 1) without 
inclusions and accounting for multiple reflections 
from the interfaces, we have obtained [7] the relation 
of the background field to the external (incident) field 
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where (0)

||( , , )lE z ωk  and ||( , , )ext
qE z ωk  are the two-

dimensional (in-plane) Fourier transform of the 
background and external fields, respectively, 
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Here 2
0 sinm ek dβ = ε − ε θ  and 1μ =  for l x=  and 

2μ =  for ,l y z=  in the Cartesian coordinate system 

shown in Fig. 1, an superscript α  can be equal to s or 
p, respectively, for s- or p-polarizations of the incident 
light. The Fresnel coefficients ( )

12r α , ( )
23r α  and ( )

12t α  are 

associated with the reflection and transmission at 
corresponding interfaces. 

As a result, we have also obtained [7] the linear 
response per nanoparticle of the z-cross section of the 
nanocomposite thin film z=const relative to the 
external field  
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where  
 

( ) ( ) / 1p
mχ ω = ε ω ε − , (6) 

 
εp(ω) is the permittivity of material of inclusions. 

By use of (5) within the framework of the effective 
susceptibility concept, the self-consistent local field 
inside the particles in the plane constz =  is found as 
a function of external (relative to the film) field in  
k||-z representation 

 
( )

|| || ||( , , ) ( , , ) ( , , ).ext
i il lE z z E zαω ω ω= Ξk k k  (7) 

 
The tensor (5) depends on the polarization of light 

and the morphology and configuration of the film. 
 
 
3. Light Absorption and Reflectivity 
 

The optical absorption and reflectivity spectra are 
derived for nanocomposite thin films consisting of 
nanoinclusions and a non-absorbing matrix.  

Write the dissipative function of a system having 
the sense of averaged energy absorbed by the unit 
volume of the system per time unit. Assume that the 
incident monochromatic light is p-polarized or  
s-polarized, and the xz-plane is the plane of incidence 
(see Fig. 1). The dissipative function can be written as 
follows: 

 
for s-polarization 
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for p-polarization 
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The dispersive dielectric response of metal can be 

described by means of the approximate Drude-type 
formula, so we assume the following form for the 
particle dielectric function 

 
2

2
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where pω  is the plasma frequency, and 1−γ  is the 

lifetime of the corresponding excitation. The value ∞ε  

includes the contribution of the bound electrons [11]. 

The plasmon damping is proportional to the electron 
scattering rate and depends on the nanoparticle size. 
For definiteness, in our numerical calculations we 
assume that particles are made of gold, adopting 

9.03 eVpω = , 9.84∞ε = [12]. The quantity of 

plasmon damping γ in the Drude model (10) is 
assumed the same for all types of nanoinclusions 
under consideration, namely, 0.117 eVγ =  (or 

dimensionless plasmon damping Γ = γ/ωp = 0.014) as 
for embedded spherical Au particles of 7 nm radiuses. 

The dimensionless absorption coefficient is 
defined as 
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Taking into account (1) and (2), in the framework 

of the effective susceptibility concept we have 
performed [7] the extra in-plane averaging and found 
the Fourier transform of the self-consistent local field 
in the film layer constz =  as 
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 is the effective dielectric function of the film  
in k||-z representation. 

Taking into account the boundary conditions at the 
irradiated surface z = – d/2 (see Fig. 1) we have 
obtained the relations 
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for the reflectivity coefficients in the case of s- and  
p-polarization of incident light, respectively.  

Thus, the optical absorption of monochromatic 
light by the nanocomposite film can be determined by 
use of (11). The reflectivity of light can be calculated 
by use of (14) and (15).  

 
 

4. Results and Discussion 
 
We have calculated the light absorption and 

reflectivity spectra by nanocomposite films with the 
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three different distributions of inclusions across the 
film thickness, namely homogeneous, linear  
and Gaussian.  

In a case of linear distribution under study – with a 
maximum at the irradiated surface – the averaged layer 
concentration of inclusion particles depends linearly 
on coordinate z: 

 

( )0( ) 1 2n z n z d= −  (16) 

 
In a case of Gaussian distribution under study the 

averaged layer concentration of inclusion particles has 
a Gaussian distribution across the film thickness, with 
a maximum in the middle of the film 

 

( )2

0( ) 2 exp( 12.5 / )n z n z d= −  (17) 

 
An experimentally controlled parameter can be 

volume filling fraction fav of nanoinclusions in the film 
that is expressed via the filling fraction ( )f z  entering 

in (1): 
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In a standard experimental setup, the intensity of 

radiation reflected from the film is measured for 
different angles of incidence θ and frequencies ω. 
Under resonance condition, the reflected radiation 
intensity has a minimum at the resonance frequency 
for a fixed θ.  

The optical linear response, absorption and 
reflectivity spectra are derived for nanocomposite thin 
films consisting of gold nanoinclusions in the matrix 
with the dielectric constant εm=1.89 deposited on the 
substrate with the dielectric constant εs=3.2. 

Some results of the calculations are shown for 
200 nm thickness films of embedded identical 
nanoparticles in Figs. 2-19. Figs. 2-4 show the results 
for the films with volume filling fraction fav=0.07 of 
embedded nanoparticles. The calculated maps of the 
absorption and reflectivity are presented for some 
morphologies of nanocomposite thin films. In the 
figures the value ω is the frequency of incident light, 
ωp is the plasma frequency of bulk Au, θ is the 
incidence angle (see Fig. 1). 

The sensitivity of the bandwidth, intensity and 
frequency of plasmon resonance with changing in only 
the distribution of the inclusion particles is 
demonstrated in Figs. 2 and 3 as examples to compare 
the linear (16) and Gaussian (17) distributions.  

In Fig. 5, the results of calculations are shown for 
the film with increased volume filling fraction to 
fav=0.15 of embedded identical nanoparticles 
comparing to the film under the study in Fig. 4.  

The density plot representation for absorption and 
reflectivity maps used in Figs. 2-5 is convenient as it 
contains much information in a compact form. From 
these maps we have extracted the solid light lines of 
different thickness in absorption map or corresponding 

solid dark lines in reflectivity map as broadened 
dispersion curves for plasmon-polariton resonances in 
the nanocomposite films. However, in such a 
representation sometimes it is hard to see the details of 
variations in the spectra as it can be seen, for example, 
in the absorption profiles presented in Fig. 6-19 when 
light is incident under the some angles of incidence θ. 

 
 

 
 

Fig. 2. Maps of absorption (left) and reflectivity (right) 
of s-polarized light with 200 nm thickness film with prolate 
(1:3:1) spheroidal nanoparticles with the revolution axes 
along the y-axis, for linear distribution (16), fav=0.07. 

 
 

 
 

Fig. 3. Same as in Fig. 2, for Gaussian distribution (17). 
 
 

 
 

Fig. 4. Maps of absorption (left) and reflectivity (right) 
of p-polarized light with 200 nm thickness film with oblate 
(1:3:3) nanoparticles for linear distribution (16), fav=0.07. 

 
 

 
 

Fig. 5. Same as in Fig. 4, for fav=0.15. 
 
 

By comparison of the Figs. 6-7 with the Figs. 8-9, 
one can see the changes in the spectra related to the 
varying in the particles distribution across the film 
thickness from the linear (16) to the Gaussian (17) one. 
One can see two overlapping bands (low-frequency 
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and high-frequency ones of different intensity and 
width) in the both Figs. 6 and 8. However, the high-
frequency resonance is more expressed (more intense 
and less broadened) in a case of linear distribution 
(16), especially at normal incidence of light. It looks 
like the additional enhancement of the high-frequency 
resonance is associated with the enhanced in-plane 
interaction (in the x-direction) of the induced dipoles 
in nanoinclusions near the illuminated interface where 
their average concentration and the value of induced 
polarization are more than in the depth of the film. As 
for Gaussian distribution (17), despite of the more 
concentration of nanoparticles in the middle of the 
film, the values of induced polarization are less than 
ones near illuminated surface of the film. Hence, the 
corresponding local field is less enhanced. 

 
 

 
 

Fig. 6. Absorption of s-polarization light by the film 
containing prolate (1:3:1) inclusions with the revolution axes 
along the y-axis: the absorption profiles calculated 
at different angles of incidence θ, for linear distribution (16), 
fav=0.07. 

 
 

 
 

Fig. 7. Reflectivity of s-polarization light by the same 
nanocomposite film as in Fig. 6. 

 
 

Comparing the absorption and reflectivity spectra 
of two configurations (the linear distribution of 
nanoparticles with the maximum of concentration on 
the illuminated side of the film and the Gaussian 
distribution of nanoparticles with a maximum in the 
center of the film and a small dispersion), we see that 
collective modes of oscillations of electron density 

inside particles and an electromagnetic wave are 
formed. Apparently, two modes are caused by the both 
'in-plane' and 'out-of-plane' interactions [7] of the 
excited oscillations of electron density inside the 
inclusions (along the longest axis). At nonzero angle 
of incidence, the modes become propagating along the 
x-direction because of kx ≠ 0. In a case of the linear 
distribution (see Fig. 2) the high-frequency mode is 
characterized by noticeable dispersion, while the 
dispersion of the low-frequency mode is weaker. In a 
case of the Gaussian distribution the high-frequency 
mode is less intense. One can assume that the high-
frequency mode is related with the collective 
oscillations of electron density inside particles dressed 
by in-plane interaction in the layers with the maximal 
average concentration of nanoparticles. The closer this 
layer is located to the illuminated surface, the stronger 
the interaction with the incident electromagnetic wave 
and more intense absorption in this high-frequency 
mode. As the angle of incidence increases, the more of 
the external radiation is reflected by the interface, 
which reduces the intensity of both (high-frequency 
and low-frequency) modes. At the same time, we 
observe a slight shift of the resonance frequencies of 
these modes.  

 
 

 
 

Fig. 8. Absorption of s-polarization light by the film 
containing prolate (1:3:1) inclusions with the revolution axes 
along the y-axis: the absorption profiles calculated 
at different angles of incidence θ, for Gaussian distribution 
(17), fav=0.07. 

 
 

 
 

Fig. 9. Reflectivity of s-polarization light by the same 
nanocomposite film as in Fig. 8. 
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Comparing the Figs. 6-7 with the Fig. 10 one can 
see the changes in the spectra related to the varying the 
particles distribution across the film thickness from 
the linear (16) to homogeneous one. 

 
 

 
 

Fig. 10. Absorption and reflectivity profiles calculated at 
different angles of incidence θ of s-polarization light by the 
film containing homogeneous distributed prolate inclusions 
with the revolution axes along the y-axis: 1 – absorption at 
θ = 0°, 2 – absorption at θ = 30°, 3 –reflectivity at θ = 0°,  
4 - reflectivity at θ = 30° (Γ=0.014, fav = 0.07). 

 
 
In addition, by analyzing the absorption 

coefficients of the system in the configuration of the 
linear (Fig. 6) and homogeneous (Fig. 10) distribution 
of particles, one can see that the ratio of intensities of 
the high-frequency peak to the low-frequency peak for 
a normal incidence significantly differs.  

Comparing the Fig. 10 with the Fig. 11 one can see 
the changes in the spectra related to the increasing 
volume filling fraction of inclusion particles in a case 
of homogeneous distribution under the some angles of 
incidence θ.  

 
 

 
 

Fig. 11. Absorption and reflectivity profiles calculated 
at different angles of incidence θ of s-polarization light by 
the film containing homogeneous distributed prolate 
inclusions with the revolution axes along the y-axis:  
1 – absorption at θ = 0°, 2 – absorption at θ = 30°,  
3 –reflectivity at θ = 0°, 4 - reflectivity at θ = 30° (Γ=0.014, 
fav = 0.15). 

It is seen that in the reflectivity spectra the 
reflected radiation intensity has a minimum for a fixed 
θ at the resonance frequency. In the absorption spectra 
that resonance excitation is manifested as the 
corresponding peak at the same resonance frequency 
for the fixed θ. For example, in the reflectivity spectra 
(presented by the curves 3 and 4 in Figs. 10 and 11) 
the local minima correspond to the high-frequency 
peaks in the absorption spectra, in Figs. 14 and 15 this 
correspondence takes place only in a case of the low-
frequency oscillations. However, these 
correspondences between the frequencies of the 
minima in the reflectivity spectra and of the maxima 
in the absorption spectra are not always observed.  

Comparing the Figs. 6, 7 with the Fig. 11 one can 
observe that despite of the increasing average volume 
fraction of inclusion particles more than twice the 
frequency of the main resonance peak at normal 
incidence of light remains almost unchanged. 
However, the low-frequency wing is more shifted in 
absorption spectra in Fig. 6 for linear distribution (16) 
when the volume fraction of gold inclusions near 
illuminated interface is almost the same as in the case 
of homogeneous distribution presented in Fig. 11. This 
suggests an excitation of surface longitudinal (along 
the y-axis) coherent collective oscillations enhanced 
near the illuminated interface under the normal 
incidence of light. The interaction between the 
inclusion particles near the illuminated interface has 
dominant influence on the resonance frequency of 
these oscillations. Comparing the spectra for the 
morphologies (Figs. 6, 8 and 10) that differ only in the 
distribution of inclusions, one can conclude that the 
enhanced interaction near the illuminated interface 
results in the blue-shift of the resonance. 

The random distribution of nanoparticles leads to 
the formation of pairs of close-lying particles. If the 
distance between the particles is of the order of the 
particle diameter, the plasmons are coupled 
electrodynamically similar to the coupled dipoles. The 
coupling strength strongly depends on the separation 
distance. It leads to the formation of coupled plasmon 
modes as for any coupled oscillators. Only the in-
phase modes can be excited with light, because the 
overall dimension of the particle pair is still much 
smaller than the light wavelength. The light field and 
thus the electron displacement are therefore in the 
same direction for both particles. The two modes 
parallel (→→) and perpendicular (↑↑) to the 
connecting axis, which are referred to as long-axis and 
short-axis modes in [12], respectively, can be excited 
by light. They have different resonance frequencies, 
with the long axis mode being at lower energies. The 
color and the polarization dependence are the only 
means to identify them optically. 

The influence of orientation of the inclusions  
(of the same oblate shape) relative to the film plane on 
the optical spectra of the film can be seen comparing 
the spectra in Figs. 12-13 and Figs. 14-15, 
correspondingly. 

Figs. 12-15, 18 and 19 show the absorption and 
reflectivity of the p-polarized light by the 
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nanocomposite film containing the oblate 
nanoparticles with the aspect ratio 3:1. In Figs. 12-13 
the results are presented for the film when the 
revolution axes of embedded nanoparticles are 
directed along the x-axis, while in Figs. 14-15 the 
results are obtained when the revolution axes of the 
nanoparticles are directed along the z-axis. At θ=0 and 
the orientation of the revolution axes of spheroids 
along the x-axis (Figs. 12-13), the longitudinal (along 
the revolution axes) short-wave oscillations are 
induced. At oblique incidence, together with the 
longitudinal oscillations, the transverse (perpendicular 
to the revolution axes) long-wave oscillations (the 
corresponding red-shifted peak) are excited. It is 
observed a pumping of energy from the short-wave 
band into the long-wave one. It can be seen two bands. 
The second band that appears at oblique incidence 
becomes more intense in absorption spectra than the 
first one at some θ. By increasing θ, it is observed a 
slight blue shift of low-frequency resonance.  

 
 

 
 

Fig. 12. Absorption of p-polarization light by the film 
containing oblate (1:3:3) inclusions with the revolution axes 
along the x-axis: the absorption profiles calculated 
at different angles of incidence θ, for linear distribution (16), 
fav=0.07. 

 
 

 
 

Fig. 13. Reflectivity of p-polarization light by the same 
nanocomposite film as in Fig. 12. 

 
 

The transverse (perpendicular to the revolution 
axes) long-wave oscillations with the low-frequency 
wing are induced at θ=0 in a case of the orientation of 

the revolution axes of oblate spheroids along the z-
axis. They are manifested in the absorption spectra 
shown in Fig. 14. At oblique incidence together with 
the transverse oscillations of decreasing intensity, the 
longitudinal (along the revolution axes) short-wave 
oscillations (the corresponding blue-shifted peak) are 
excited (see Fig. 14). It is observed a pumping of 
energy from the long-wave band into the short-wave 
one. It can be seen two bands. By increasing θ, the 
second band that appears at oblique incidence has a 
slight increase in intensity. 

 
 

 
 

Fig. 14. Absorption of p-polarization light by the film 
containing oblate (3:3:1) inclusions with the revolution axes 
along the z-axis: the absorption profiles calculated at 
different angles of incidence θ, for linear distribution (16), 
fav=0.07. 

 
 

 
 

Fig. 15. Reflectivity of p-polarization light by the same 
nanocomposite film as in Fig. 14. 

 
 

The absorption and reflectivity of the p-polarized 
light by the nanocomposite film containing the prolate 
nanoparticles with the aspect ratio 1:3 and the 
revolution axes oriented along the z-axis are shown in 
Figs. 16 and 17. The tends obtained are very similar to 
the results presented in Figs. 12 and 13 for the case of 
the embedded oblate spheroids when the revolution 
axes are oriented along the x-axis. It is observed an 
appearance of a low-frequency wing near the low-
frequency band possibly caused by out-of-plane 
interaction (in the z-direction) at oblique incidence of 
light (see Fig. 16). 
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Fig. 16. Absorption of p-polarization light by the film 
containing prolate (1:1:3) inclusions with the revolution axes 
along the z-axis: the absorption profiles calculated 
at different angles of incidence θ, for linear distribution (16), 
fav=0.07. 

 
 

 
 

Fig. 17. Reflectivity of p-polarization light by the same 
nanocomposite film as in Fig. 16. 

 
 

The absorption and reflectivity of the p-polarized 
light by the nanocomposite film containing the oblate 
nanoparticles with the aspect ratio 3:1 are shown in 
Figs. 18 and 19 for the Gaussian distribution (17). 
They can be compared to the corresponding spectra in 
Figs. 12 and 13 presented for the linear distribution 
(16) of the same nanoinclusions with the same 
orientation of the revolution axes along the x-axis. The 
longitudinal (along the revolution axes) short-wave 
oscillations are induced at normal incidence of light. 
At oblique incidence together with the longitudinal 
oscillations, the transverse (perpendicular to the 
revolution axes) long-wave oscillations (the 
corresponding red-shifted peak) are excited. It is 
observed a pumping of energy from the short-wave 
band into the long-wave one in the absorption spectra 
in Fig. 18. It can be seen two bands. The second 
broadened band that appears at oblique incidence 
becomes more intense in absorption spectra than the 
first one at some θ. By increasing θ, it is observed a 
slight red shift of high-frequency resonance and 
broadening low-frequency band. The resonance bands 
are broader than the corresponding bands in 
comparison of the linear distribution shown in Fig. 12. 

The reflectivity spectra in the case of the Gaussian 
distribution (Fig. 19) differ qualitatively from the 
spectra in the case of the linear distribution (Fig. 13). 
Besides, one can see the local minima (in reflectivity 
in Fig. 19) do not quite match the maxima (in 
absorption in Fig. 18). 

 
 

 
 

Fig. 18. Absorption of p-polarization light by the film 
containing oblate (1:3:3) inclusions with the revolution axes 
along the x-axis: the absorption profiles calculated at 
different angles of incidence θ, for Gaussian distribution 
(17), fav=0.07. 

 
 

 
 

Fig. 19. Reflectivity of p-polarization light by the same 
nanocomposite film as in Fig. 18. 

 
 

5. Conclusions 
 

The method developed in previous papers by 
authors [5-7] was applied to calculate the absorption 
and reflectivity spectra by thin nanocomposite films of 
different configurations. The results of the 
calculations have shown a strong dependence of light 
absorption and reflectivity spectra on configuration of 
nanocomposite films, namely, on the shape and 
orientation of the embedded particles and their 
distribution across the film thickness. The calculated 
absorption and reflectivity profiles show that 
interaction between elementary excitations inside the 
inclusions and an electromagnetic field results in 
arising hybrid excitations. These excitations are 
manifested as the peaks in absorption spectra and (not 
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always) as the corresponding minima in reflectivity 
spectra and are strongly dependent on the 
concentration of inclusion particles. In addition, the 
dependence of the spectra on the angle of incidence 
allows us to assume the excitation of surface plasmon-
polaritons in such films. Since the conditions for 
excitement of surface waves strongly depend on the 
surface state, one can hope that such films can be 
considered as active sensor elements. It is known that 
the absorption spectrum can be derived from the 
reflectivity spectrum. It should be noted that in some 
morphologies of the films there is no mutual 
correspondence between spectra of absorption  
and reflectivity. 
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