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Abstract—Spectroscopic ellipsometry is a powerful technique
for measuring the thickness and dielectric function of thin
films deposited upon optically reflective surfaces. The dielectric function determines the material optoelectronic properties,
however its ellipsometric measurement is challenging in cases
when the film thickness and its exact structure in terms of
phases and their optical properties, are unknown. The present
paper discusses several models of film dielectric function, which
may be considered for fitting the ellipsometric spectra of a
poly(N-ispropylacrylamide) brush grown at silicon surface and
functionalized with gold nanoparticles.
Index Terms—ellipsometry, spectroscopic, organic, film, metal,
nanoparticle

I. I NTRODUCTION
Hybrid materials composed of inorganic and organic compounds became a focus topic in the last years due to the
versatility in fabrication and application [1], [2]. In particular,
they combine advantages of a usually organic matrix including
inorganic (e.g. metallic) compounds. On the one hand, the
polymeric nature of the matrix offers a wide range of adjustable parameters [3], e.g. type of monomers, chain length,
crosslinking, and specific functionalities. Thus, the properties
may be tuned to consider application specifics: biocompatibility [3], functional groups [4], sensitivity to stimuli [5],
special geometries [6]. On the other hand, inorganic additives
may provide many functionalities that are difficult to achieve
with organic compounds [7], like conductivity, catalytic ability,
electromagnetic interactions.
One widely studied inorganic compound are gold nanoparticles (AuNPs) due to their distinct combination of physical
and chemical properties [8]: AuNPs can be easily synthesised
with different well-defined size and can be highly stable.
Further, gold-thiol chemistry offers easy and versatile surface
functionalisation through covalent bonds. Gold can exhibit
antimicrobial behaviour while still being biocompatible with
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human tissue. AuNPs exhibit a surface plasmon resonance,
tunable by NP size and shape, as well as NP separation
and electronic environment. Often the absorption maximum
lies in the visible spectrum enabling optical detection. These
features trigger various applications, ranging from local field
enhancement (e.g. SERS) [9] over catalysis [10] to medical
technology such as antimicrobial coatings and cancer therapy [11]. In conjunction with a stimuli-responsive matrix
(e.g. a polymer brush), the resulting composite material offers an optical sensing for the respective stimulus [12]. Due
to the high versatility of the composite materials, different
applications require specific internal structures. However, the
internal structure of composite materials is generally not
easily accessible, especially for absorbing and diffusely scattering media (AuNPs). Spectroscopic ellipsometry (SE) is a
powerful, non-invasive technique to investigate the structure
of multi-component composite materials. The present work
demonstrates the application of SE for studying the dielectric
function and thickness of a polymer brush of Poly-N-isopropyl
acrylamide (PNIPAM), loaded with small AuNPs (diameter: 5
nm) on a flat silicon substrate.
Spectroscopic ellipsometry
The measured signal in ellipsometry is the pair of (”ellipsometric”) angles ∆ and Ψ that describe the change in
the polarization state of light upon specular reflection from a
surface. Spectroscopic ellipsometry measures the variation of
[∆, Ψ] as function of the wavelength of incident light, which
is represented as an ellipsometric spectrum. The latter may
be fitted by applying Fresnel’s equations to a model stack
of stratified optical layers (i.e. ”stratified layers model”), to
which complex dielectric functions (d.f. ϵ̃(λ) = ϵ1 (λ)+iϵ2 (λ))
and thicknesses are attributed. The √
d.f. can equivalently be
represented as refractive index (ñ = ϵ̃). In order to improve
the confidence of fitting the ellipsometric data by such optical
models, in particular if the d.f. and layer thickness(es) are
fitted simultaneously, it is very useful to perform global fits of
ellipsometric spectra measured for varied angle of incidence
(AOI) of the incoming beam, which presents the variable angle
spectroscopic ellipsometry (VASE) method.
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While the fundamentals regarding the technique and optical modelling of spectroscopic ellipsometry surpass limits
of the present paper (advisable textbooks are [13], [14]),
its application to the system studied in the present work is
summarized in Fig. 1. The optical model thus consists of the
silicon substrate, which is treated as a semi-infinite optical
layer on which the layer to be investigated is located. In the
present paper the layer is either a neat PNIPAM brush, or a
PNIPAM brush loaded with AuNPs. The experimental goal is
to simultaneously asses the d.f. of the studied layer along with
its optical thickness, from VASE data. Fresnel’s equations for
the optical model presented in Fig. 1 may readily be found in,
for example, one of our recent papers [15].

TABLE I
D IELECTRIC FUNCTIONS OF THE STUDIED PNIPAM BRUSH AND
PNIPAM–AU NP LAYER USED FOR FITTING VASE DATA WITHIN THE
PRESENT WORK .

PNIPAM

ϵ̃ = (A +

isotropic L-L
homogenous

E XPERIMENTAL PART
Materials
Hydrogen tetrachloroaurate(III) (≥ 99.9 %), sodium borohydride (≥ 98.0 %), thiocitic acid (≥ 99 %), mercaptopropionic acid (MPA, ≥ 99 %), N-isopropylacrylamide (≥ 99 %),
methanol (≥ 99.8 %), copper chloride (≥ 99.995 %), pentamethyldiethylenetriamine (≥ 99 %) were bought from

MIPRO 2022/OPHO

ϵ̃ = ϵ∞ +

2
X
j=1

Aj
2 − E 2 − iΓ E
E0,j
j

(2)

dichroic L-L
ordinary (eq. 2)
extraodrinary ϵ̃ = ϵ1 + 0 · i = ϵ∞
Maxwell-Garnett (M-G)

Dielectric function models
Let us introduce the dielectric functions (d.f.) that will be
used within our optical model, as summarized in Table I. Two
approaches to formulating the model of the PNIPAM/AuNP
brush are compared, in order to provide clues to its possible internal structure. First, the layer material is modelled as homogeneous, thus without any optical phase boundaries within the
film. Within this approach, two types of optical symmetry of
the layer material will be considered: isotropic and uniaxially
anisotropic (i.e. dichroic). In the second approach, the layer
is a heterogeneous composite of two optical phases (PNIPAM
and spherical AuNP), separated by an optical boundary. This
situation may be modelled through different formulations of
the d.f. relying on the Lorentz-Lorenz equation, which differ
in their postulation of hierarchical organization of the two
phases [14]. For the case when one phase (the ”guest”) is
embedded within the second (the ”host”) as single spherical
particles, the Maxwell-Garnett (M-G) effective medium d.f.
becomes plausible (Table I, eq. 3). In contrast to Bruggeman’s
effective medium approximation (EMA, Table I, eq. 4), the
host and guest materials are not interchangeable within the MG d.f. Thus, while the M-G d.f. may be applied for attributing
the spherical (guest) phase to sinlge AuNPs, embedded within
the matrix of PNIPAM, the EMA is more generally applicable
for any uniform distribution of AuNPs and PNIPAM phases
within the studied layer. The absorbing component is modelled
with two Lorentz oscillator terms (Table I, eq. 2), which will
further be denoted as L-L in the case of the isotropic and
dichroic homogeneous models, or L-D in the case of the M-G
model. In the latter case, one of the two Lorentz oscillators is
the Drude term, attributed with zero resonance energy. The
non-absorbing component is modelled either as a Cauchy
series (Table I, eq. 1 in the case of the neat PNIPAM layer),
or a high frequency dielectric constant, i.e. ϵ̃ = ϵ1 +0·i = ϵ∞ .

B
C
+
+ 0 · i)2 (1)
λ2 λ4

PNIPAM–
AuNP

ϵ̃ = ϵ̃h

heterogenous

ϵ̃g (1 + 2ϕ) − ϵ̃h (2ϕ − 2)
ϵ̃g (1 − ϕ) + ϵ̃h (2 + ϕ)

(3)

guest ϵ̃g = (2) with E0,2 = 0 eV
host ϵ̃h = ϵ1 + 0 · i = ϵ∞ =1.45
ϕ =guest volume fraction
Bruggeman (EMA)
ϵ̃h − ϵ̃
ϵ̃g − ϵ̃
(1 − ϕ) +
ϕ=0
ϵ̃h + 2ϵ̃
ϵ̃g + 2ϵ̃

(4)

ϵ̃g , ϵ̃h , ϕ - same as above

Sigma Aldrich, Merck KGaA, Darmstadt, Germany. Sodium
hydroxide solution (1 M) was purchased from Supelco
(Merck KGaA, Darmstadt, Germany). Ultrapure water
(≥ 18.2 MΩ cm) was obtained by a Merck Millipore system (Merck KGaA, Darmstadt, Germany). Trisodium citrate
(≥ 99.5 %), ethanol (≥ 99.8 %), sulphuric acid (96 %), hydrogen peroxide (30 %aq), molecular sieve 4 Å were bought
from Carl Roth GmbH + Co. KG, Karlsruhe, Germany.
Silicon wafer ((100), boron doped) were bought from Siltronic AG, München, Germany and cut into pieces of
1 × 2 cm2 . Toluene (99.5 %) was bought from Macron
Fine Chemical (Avantor, Radnor, PA, USA). 11-[(2-bromo-2methyl)propionyloxy]trichlorosilane (BMPUS, > 95 %) was
purchased from Gelest, Morrisville, PA, USA.
Gold nanoparticles
Synthesis of gold nanoparticles (AuNPs) followed a procedure used previously [16]. Briefly, 0.25 ml HAuCl4 solution
(0.1 M) and 0.25 ml tri-sodium citrate solution were diluted
with 99.5 ml water. During constant stirring 2 ml NaBH4
solution (0.1 M) was added, resulting in an immediate colour
change to ruby red. After 2 h of stirring 1 ml thioctic acid
solution (0.03 M in ethanol) was added. The resulting colour
change to purple was compensated by adding NaOH solution
(1 M) dropwise (approx. 10 drops) and the suspension was
kept over night. 2.18 µl of mercaptopropionic acid was added
and the suspension was stirred over night. Excess ligand was
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removed by precipitation in ethanol and subsequent centrifugation. The precipitate was redispersed in 100 ml H2 O with a
pre-adjusted pH value of 13 (by NaOH solution). The diameter of the AuNPs was determined by transmission electron
microscopy (FEI Tecnai G2 20 S-TWIN; FEI, Hillsboro, OR,
USA). The size of more than 200 particles was analysed with
ImageJ (National Institutes of Health, Rockville, MD, USA)
yielding a mean diameter of (4.8 ± 1.1) nm.

circumvents optical modelling of the substrate and fitting the
thickness of the native oxide film. The effective substrate d.f.
was then used in the optical models applied for Si/PNIPAM
and Si/PNIPAM–AuNP.

Polymer brushes / composite materials
Before brush synthesis, the silicon wafers are cleaned in
piranha solution (H2 SO4 : H2 O2 (30 %), 1 : 1 by volume) for
30 min, rinsed with H2 O and dried under a N2 stream.
PNIPAM brushes are synthesised in two steps via a graftingfrom approach, slightly adapted from earlier works [17].
In a first step the initiator molecule BMPUS is grafted to
the surface. Therefore, BMPUS was solved in dried toluene
(10 µl : 10 ml; dried beforehand by molecular sieve). The
solution was degassed by bubbling with N2 for 30 min and the
cleaned silicon surfaces were added. Afterwards the substrates
were cleaned with toluene, sonicated in ethanol for 20 min
and dried under a N2 stream. For the polymer synthesis,
1 g of N-isopropylacrylamide was solved in a mixture of
20 ml methanol and 20 ml H2 O. The solution was degassed
by constant bubbling with N2 while simultaneously stirring
with 500 rpm. After 30 min, 19.5mg CuCl and 150 µl pentamethyldiethylenetrisamine (PMDETA) were added. Another
30 min later, the initiated samples were added, the reactor
sealed and kept for 10 min. The reaction was terminated by
exposing the samples to air, sonicating them in H2 O for
10 min and drying them under a stream of N2 .
Composite Materials were formed by immersing the presynthesised polymer brushes in the AuNP suspension (diluted
by a factor of 10) for 24 h.
Spectroscopic ellipsometry
The VASE experiments and data analysis were designed
in several steps, such as to minimize the number of fitted
parameters from a single set of VASE spectra. First, the
VASE spectra were measured at AOI of 50◦ , 54◦ and 58◦ ,
respectively and in the wavelength range 400 − 1700 nm
(δλ = 40 nm) for the bare Si wafer, followed by the
measurements for the Si/PNIPAM and Si/PNIPAM–AuNP.
All measurements were performed at room temperature and
without controlling air humidity, by utilizing the EP4 spectroscopic imaging ellipsometer (Accurion GmbH, Germany).
The nulling method is utilized for calculating ∆ and Ψ, as an
average from the values determined by four nulling polarizercompensator-analyzer orientations (zones).
Data fitting
The optical model depicted in Fig. 1, was used for fitting the
experimental VASE spectra. The complex dielectric constant
ϵ̃ = ϵ1 + iϵ2 of the Si substrate was fitted for each wavelength
in the VASE spectra measured for the bare Si wafer. In
this manner, an “effective substrate” d.f. was obtained, which
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Fig. 1. Model of stratified optical layers for the PNIPAM or PNIPAM–AuNP
brush grown at the Si/SiO2 substrate.

In the next step, the VASE spectra of Si/PNIPAM were
fitted in order to determine the d.f. of the neat PNIPAM
brush, modelled as a Cauchy series (Table I, eq. 1). The
fitted parameters in this step were A, B and film thickness,
while C was set to zero and not fitted. Subsequently, the
experimental VASE spectra for Si/PNIPAM–AuNP were fitted
by applying one of the four postulated models (cf. Table I). In
the case of the isotropic L-L model (eq. 2), eight parameters
were fitted, as indicated with confidence intervals attributed to
those parameters in Table II. In the case of the dichroic L-L
model, the number of fitted parameters is nine: seven in the
ordinary d.f., one in extraordinary and the layer thickness d.
When fitting the M-G and EMA models, the number of fitted
parameters was again eight, since the high frequency dielectric
constant of the host medium was set to the value deduced
from the d.f. of the neat PNIPAM brush ϵ∞,h = 1.45 (see
below). The EP4Model software (Accurion GmbH, Germany)
was used for all data fittings.
R ESULTS AND DISCUSSION
The ellipsometric angles spectra ∆(λ) and Ψ(λ), measured
at varied angle of incidence for the neat PNIPAM brush are
presented in Figs. 2 a) and b), respectively. In these graphs,
the dash-dotted lines represent the best-fit functions obtained
from the above described optical model, by invoking a purely
real Cauchy series d.f. for the film (cf. eq. 1 in Table I). The
fit is excellent and the resulting film thickness equals 51.6 nm
(with st. deviation < 0.05). The parameters of the Cauchy d.f.
(see above) are A = 1.453 ± 0.001 and B = 5432 ± 136 nm2 .
The refractive index, calculated from the dielectric function
and plotted in Fig. 3 (dash-dotted lines), exhibits very little
variation within the whole studied wavelength range, attaining
values between 1.453 at 1700 nm and 1.488 at 400 nm. This
is in very good agreement with other reported experimental
d.f. of dry PNIPAM brushes, measured by spectroscopic
ellipsometry [18], [19]. Also in these papers, the d.f. of the
brush layer was modelled as a purely real Cauchy series and
similar parameters were reported.
The VASE spectra measured for the PNIPAM brush decorated with AuNP, are presented in Fig. 2 c) and d). In
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Fig. 2. Experimental ellipsometric spectra measured at varied AOI (see legend) for the PNIPAM brush in the absence (a, b) and presence (c, d) of AuNP.
The lines represent the best fit spectra by applying the optical model with different types of dielectric functions for the film.

these figures, different types of lines represent the best fit
optical model, by invoking the dielectric functions for the
film listed in Table I an plotted in Fig. 3. Common for all
these d.f. is the pronounced optical absorption responsible for
the structure observed in the ellipsometric spectra. In the case
of Bruggeman’s EMA model, the Drude-type absorption at
low energy is also observed. All of the fitted optical model
parameters are tabulated in Tables II and III. As can be inferred
from the root-mean-square error (RMSE) of the fitting, among
the three chosen models, the dichroic L-L d.f. preforms best,
followed by isotropic M-G, EMA and isotropic L-L. The
deviation of all these models from the measured data is more
pronounced at wavelength < 600 nm. Depending on the
choice of the model, the fitted PNIPAM–AuNP layer thickness
varies from 95.5 ± 2.5 nm observed for the isotropic L-L, to
130.5 ± 1.1 nm for the isotropic M-G.
Let us discuss in detail the model dielectric functions of
the PNIPAM–AuNP brush presented as refractive index in
Fig. 3. As can be inferred from their qualitative comparison
with the refractive index of PNIPAM and pure Au films [20],
the presence of the AuNP in the PNIPAM–AuNP layer has
a dominant optical effect. The oscillator peak that is fitted
around 1.9 eV in the case of the dichroic and isotropic L-L
oscillator (cf. Table II), exhibits maximum k around 2.0 eV,
which coincides with the energy of maximum of ϵ2 . In the pure
bulk gold, this oscillator is not observed [21], [22], while in the
Au films and nanoparticles, it is a consequence of constrained
electron free paths as compared with the wavelength of visible
light. The imaginary part of the refractive index may be
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recalculated into the absorption coefficient, α = 4πk/λ, which
is presented in Fig. 4. Thus, the ordinary part of dichroic L-L
and the other three isotropic models exhibit optical absorption
between 570 and 612 nm (depending on the model), which
is to be related with an apparent (purple) colour of the
PNIPAM–AuNP layer (at the Si substrate, this colour can not
be identified visually). The absorption coefficient presented in
Fig. 4 (ratio αmax /α450 ) was further used for determining the
AuNP size via eq. 11 in [23]. The thereby calculated diameters
from all four models are reported in Tables II and III.
The optical absorption is within all of the presented models
determined by the two Lorentz oscillators. In the two LL models (isotropic and dichroic), the second oscillator is
introduced in order to optimize the fits of the measured
ellipsometric data: in these cases, the oscillator at ∼ 1.9 eV
denoted with 1 (cf. Table II) is optically dominant, while the
other oscillator at ∼ 2.3 eV and ∼ 2.7 eV (denoted with 2) is
responsible for the absorption broadening. In the case of the
Lorentz-Drude model, as component within the M-G and EMA
d.f., the absorption maximum may not be uniquely attributed
to the Lorentz oscillator with resonance energy E0,L , since the
Drude term and the ϵ∞ parameters of both the L-D component
and the host medium, affect the shape of the k- (and also α-)
curves.
The performance and applicability of the three presented
model d.f. for the studied PNIPAM–AuNP layer may be
assessed as follows. The two L-L models, (cf. table II),
optically treat the layer as homogeneous, without any intrinsic
optical phase boundaries. Since it is clear that the PNIPAM–
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Fig. 3. Real (a) and imaginary (b) parts of the refractive index fitted from experimental ellipsometric spectra, for the neat PNIPAM and PNIPAM–AuNP
brush. The dichroic refractive index (solid lines) is represented by the ordinary and extraordinary indices, denoted with o and e, respectively.

Fig. 4. Absorption coefficient calculated from the real part of the refractive
index for the PNIPAM–AuNP layer presented in Fig. 3 b).

AuNP layer is formed of (at least) two phases (Au, PNIPAM,
possible voids, humidity etc.), these models may not be used
for direct deduction of the internal structure of the layer.
It is clear that the anisotropic L-L model performs better
than the isotropic, however at the account of one additional
parameter (ϵ∞,ex ). Nevertheless, it seems that this model is
not overfitted, since the determination of all the parameters
is very good (cf. σ values in Table II). In the case of the
anisotropic L-L model, the diameter of the AuNP determined
from the overall absorption coefficient nearly matches (within
the experimental confidence limits) the value determined from
TEM (4.8 ± 1.1 nm). In the case of the isotropic L-L model,
the AuNP diameter from the absorption coefficient is 7.2 nm,
thus larger than the TEM value. The layer thickness resulting
from both of these models is relatively large compared to the
contour length of the grafted PNIPAM chains.
Unfortunately, optical modelling of composite films from
spectroscopic ellipsometry is not free of ambiguity. This is
evidenced by comparing the results obtained by the anisotropic
L-L, M-G and EMA models. All of these fit the data very
satisfactorily, with a relatively small difference in RMSE. In
this situation, the quality of the fit should not be used as
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the only criterion for distinguishing the model performance.
Moreover, these models apply the same number of (nine)
parameters, whereby for fitting the M-G and EMA models,
ϵ∞,h was fixed to the value obtained for the neat PNIPAM
brush, as ”host” material for AuNP. By doing this, very
good confidence intervals for the rest of the parameters were
achieved. While these models may be regarded as simultaneously valid, they neglect an aspect of the structure: M-G and
EMA models neglect the anisotropy while the dichroic and
isotropic L-L neglect the phase heterogeneity. The volume
fraction of the AuNP phase is within both the M-G and
EMA models relatively high (65 % and 75 %, respectively),
while the resulting AuNP diameter lies just slightly above
the value determined by TEM. However, EMA results with
a significantly smaller layer thickness with respect to all other
studied models. Therefore, the AuNP concentration within
the PNIPAM brush would be, according to this model, much
greater. The latter observation might be coherent with the
Drude tail observed in the EMA d.f., since it points to the
electronic conductivity, thus inter-particle electron hopping.
Since the plasma energy calculated from the Drude term
in L-D d.f. (M-G and EMA models), is unusually low (the
reported values for AuNPs are > 9.08 eV [24] and 8.45 eV
for a 200 nm thick Au film [20]), we also tested the LorentzLorenz formula for the effective medium d.f. (omitted from
presentation). The latter model resulted with a d.f. and Ep
that are almost identical as those obtained from M-G.
C ONCLUSION
The dielectric function (d.f.) and thickness of a layer
composed of poly(N-ispropylacrylamide) (PNIPAM) brush
grown on silicon substrate and loaded with gold nanoparticles
(AuNP), was successfully fitted from the variable angle spectroscopic ellipsometry (VASE) data in the wavelength range
400−1700 nm. In the studied wavelength range, the dielectric
function (d.f.) of the neat PNIPAM brush shows no optical
absorption, and is excellently fitted by a Cauchy series. A
pronounced optical absorption peak between 570 and 585 nm
is observed for the brush loaded with AuNP, which allows
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TABLE II
B EST- FIT PARAMETERS AND THEIR CONFIDENCE LIMITS (±σ) OF THE DICHROIC AND ISOTROPIC L ORENTZ -L ORENTZ DIELECTRIC FUNCTIONS FOR THE
PNIPAM–AU NP FILM , OBTAINED FROM THE ELLIPSOMETRIC SPECTRA PRESENTED IN F IGS . 2 C ) AND D ). T HE DIAMETER OF AU NP CALCULATED
FROM THE WAVELENGTH OF ABSORPTION MAXIMUM IN THE D . F. IS INDICATED IN THE LAST COLUMN .

ord.
L-L
extraord.
isotropic
L-L

A1
(eV2 )
4.054±
0.266
-

E0,1
(eV)
1.906±
0.003
-

Γ1
(eV)
0.809±
0.025
-

A2
(eV2 )
13.507±
0.390
-

E0,2
(eV)
2.363±
0.061
-

Γ2
(eV)
3.024±
0.096
-

7.652±
0.361

1.935±
0.004

0.895±
0.021

28.776± 2.682±
22.433
1.061

9.874±
8.103

ϵ∞
2.535±
0.034
3.433±
0.166
2.588±
0.136

d (layer)
(nm)

RMSE
(◦ )

2R (AuNP)
(nm)

112.0±
1.2

7.413

4.0

14.933

7.2

95.5
2.5

±

TABLE III
B EST- FIT PARAMETERS AND CONFIDENCE LIMITS (±σ) OF M AXWELL -G ARNETT AND B RUGGEMAN ’ S EMA MODEL DIELECTRIC FUNCTION FOR THE
PNIPAM–AU NP FILM , OBTAINED FROM THE ELLIPSOMETRIC SPECTRA PRESENTED IN F IGS . 2 C ) AND D ). T HE DIAMETER OF AU NP CALCULATED
FROM THE WAVELENGTH OF ABSORPTION MAXIMUM , AND THE PLASMA ENERGY (Ep ) CALCULATED FROM THE D RUDE TERM , ARE INDICATED IN THE
LAST TWO COLUMNS .
AL
(eV2 )
Maxwell- 5.180±
0.136
Garnett
Bruggeman 8.598±
EMA
0.120

E0,L
(eV)
1.689±
0.006
1.834±
0.008

ΓL
(eV)
0.789±
0.016
0.835±
0.017

AD
(eV2 )
31.755±
0.310
22.742±
0.527

ΓD
(eV)
1.795±
0.014
1.049±
0.018

ϵ∞,LD
3.617±
0.021
3.218±
0.030

determination of the AuNP diameter in the range 4-7 nm,
depending on the applied d.f. model for the layer. The latter
may be successfully modelled either by postulating optical
anisotropy, or inclusion of nanoparticles as a separate optical
phase within the matrix of PNIPAM. While it is possible
that both of these model approaches are valid, simultaneously
providing different optical information about the layer, their
strict validation would become possible by extension of experiments to other techniques sensitive to the layer internal
structure (electron microscopy, X-ray or neutron reflectivity
etc.). VASE performed under varied conditions of AuNP size
and concentration within the brush, and at varied temperature,
should be exploitable for obtaining valuable information about
the optoelectronic properties of the PNIPAM–AuNP layer.
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