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Self-arrangement of DNA based structures on clean mica and modified Si surfaces is investigated by means of scanning
probe microscope (SPM) and spectroscopic ellipsometry (SE) method. DNA strands are deposited from a colloidal solution on
solid surfaces at room temperature. Surfaces of solid substrates and biomolecular structures are additionally modified by Ag
nanoparticles. The self-arranged surface structures are visualized by SPM. The effect of the multicomponent structures on the
optical response of complex hybrid structures is studied. Changes in the optical response of the hybrid samples are related to the
contributions of self-assembled DNA-based structures and Ag nanoparticles on the Si surfaces. Binding of Ag nanoparticles to
the DNA strands and formation of well-ordered structures on the surfaces with DNA are discussed.
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1. Introduction

During the last decade an interest in the development
of self-arranged hybrid structures is increasing rapidly.
Advantages of these structures are expected being orig-
inated from unique properties of biomolecules such as
proteins, desoxyribonucleic acid (DNA), and redox en-
zymes [1–5]. Integration of the biomolecules within
solid nanostructures introduces biochemical recogni-
tion in the technology and functioning of the devices.
Components of electronic circuits, sensors, and ac-
tuators can be created by nanotechnology and self-
assemblage of supramolecules [1, 2]. Properties of
solid nanoobjects can be significantly modified by
biomolecules [3–5].

Self-assemblages of biomolecules are recognized
as attractive templates for a large variety of hybrid
structures [6]. Assemblies based on the α-helix type
molecules are frequently described in numerous reports
(e. g., [6–11]). The assemblies are easily obtained due
to a high stability of materials based on the α-helix [6].
These materials are found acceptable to create new self-
assembled materials, the properties of which can be tai-
lored to specific conditions of application. Possibilities
to make templates and scaffolds for assembly of min-
erals and inorganic materials such as metals have been

recognized as the most attractive ways to make nanothin
wires, interconnects, light emitting and light collection
devices, sensors, and transducers. The fundamental un-
derstanding of molecular self-assemblage including ad-
sorption, nucleation, and growth of two- (2D) and three-
dimensional (3D) structures is a key element in devel-
opment, optimisation, and exploitation of the nanotech-
nologies.

Considering the α-helix type biomolecules, DNA
molecules are the most frequently used “building
blocks” for assemblies of various dimensions between
nanometres and micrometres [1, 2, 7, 8]. The negative
charge in phosphate backbone of DNA molecules is
favourable for fastening metal nanoparticles and, con-
sequently, for creating multifunctional and multicom-
ponent nanostructures by binding together metal and
semiconductor structures. Formation of complexes in-
volving DNA can be successfully exploited in advanced
technology if the mechanisms of the underlying self-
assemblage processes are well described. Increasing
interests to investigate these mechanisms are the main
stimulus for numbers of studies reported during the last
years [6–11].

From the above it follows that the self-formation of
biomolecules depends critically on the interaction with
the surface of the solid substrate. The biomolecules
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can form the covalent bonds by linking to the surface
through silanole (−O−Si−), amidine (−NH−(C−O)−),
phosphonate (O−(HPO2)−) or carboxyle (−O−(C−O)−)
groups [12]. For enhancing the linkage, the solid sur-
faces are usually modified favouring the formation of
covalent bonds [13, 14]. In order to modify the sur-
face, Si substrate can be coated by (3-aminopropyl)-
triethoxysilane (APTES) [15].

The present study is focused on hybridization of
DNA molecules with modified Si surfaces followed
by binding Ag nanoparticles with the hybrid material.
Structural, mechanical, optical, and electrical proper-
ties are investigated for the multicomponent surfaces at
different stages of component assembling. Experimen-
tal investigation aims to describe comparatively large
well-ordered hybrid assemblies on real surfaces and to
identify intentionally used components in the assem-
blies.

2. Methods and experiments

The reference samples were prepared on standard
mica substrates with very smooth surfaces on which
z-dimension varies less than ∼1–2 nm. On these sub-
strates, DNA-based layer was deposited from colloidal
solution. A drop of the solution was spread on the sub-
strate. The substrate was kept still in laboratory atmo-
sphere (T = 293 K, relative humidity about 30%) for
15 minutes, then rinsed in a distilled water. Before the
measurements, the substrate was dried in the laboratory
atmosphere for about 24 hours. Several of these sam-
ples were covered by Ag nanoparticles from colloidal
solution as it is described in the next paragraph.

Standard Si substrates (n-Si (100), ∅ 5 cm, re-
sistance 0.5 Ω cm) were typically used for deposi-
tion of combined hybrid structures. The samples
were prepared by sequential deposition of silica, (3-
aminopropyl)-triethoxysilane NH2(CH2)3Si(OC2H5)3
(APTES), and a solution of polyvinylpropylene (PVP)-
covered Ag nanoparticles (∅ ∼ 5 nm) on Si substrates.
The SiO2 layer of 50–150 nm thickness was deposited
on cleaned Si substrates by sol–gel spin on technique
[16] and annealed at 300 ◦C for 1 h. On the top of silica-
coated Si substrate the APTES layer was formed by im-
mersing the sample into APTES solution (5% v/v) in
ethanol for 30 min or (1% v/v) in toluene for 4 min. The
APTES-coated substrates modified in ethanol solution
were washed in aqueous 1 mM acetic acid AcOH. The
samples modified in toluene solution were repeatedly
washed five times in toluene. After washing, the sam-
ples were dried at 50–60 ◦C for 0.5–2 h in air or Ar at-

mosphere. The APTES-modified substrate was washed
in diluted 1 mM acetic acid AcOH. The hybrid sam-
ple DNA / APTES / SiO2 / Si was formed by drop cast-
ing of DNA in physiological solution and dried at room
temperature for at least 10 h. In the final step the hy-
brid sample was immersed in colloidal solution of PVP-
coated Ag nanoparticles for 2 h and then dried in air.
The as-prepared samples were washed in water ultra-
sound bath at 40 ◦C for 20 min to remove the remains
of chemical procedure.

In addition to complete Ag / DNA /APTES / SiO2 / Si
and Ag / DNA / APTES / Si samples, the reference sam-
ples APTES / Si, APTES / SiO2 / Si, DNA / APTES / Si,
and Ag / APTES / SiO2 / Si were prepared and investi-
gated. Along with sol–gel method, some other tech-
niques (thermal annealing in air and oxidation in water)
were also used for the formation of silica layer. How-
ever, it was found that uppermost APTES layer was
making the most important influence on the properties
of hybrid sample.

Structure of the sample surfaces was visualised by
SPM. The images of the surfaces were obtained by SPM
D3100 / Nanoscope IVa (Veeco, Digital Instruments).
Standard contact and non-contact modes were used for
description of topography and more sophisticated fea-
tures of the sample surfaces [17–19]. Combined modes
were used for mapping the electrical and mechanical
properties of the hybrid structures during one scan.

Topography of the surfaces is recorded by measur-
ing the horizontal and vertical position of the tip that is
scanning the surface area along series of parallel lines.
Vertical position of the tip varies with the surface height
along the scan line in the contact mode because the tip is
permanently engaged with the surfaces. Because the tip
is continuously pressed by the cantilever over the sur-
faces, soft structures can be damaged during the contact
scan. In the non-contact mode (Tapping Mode in the
D3100) the cantilever is forced to oscillate at or near the
resonance frequency in such a way that there is only an
intermittent contact between the tip and sample during
each oscillation period. The cantilever oscillation is re-
duced due to energy loss caused by the tip contact with
the surfaces. The reduction in oscillation amplitude is
used to identify and measure surface features. The root
mean square (RMS) signal is determined by the SPM
system. Since the RMS signal depends on the distance
between the cantilever and surface, the feedback system
adjusts the tip–sample separation to maintain constant
amplitude of the oscillations. The feedback signal is
proportional to the vertical variation of the surface pro-
file. In addition to this type of data, a phase shift be-
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tween the actuating signal and oscillations of cantilever
is measured during the same scan. It has been demon-
strated that the phase lag is highly sensitive to variations
of adhesion, friction, and composition of the surfaces
[17, 19].

Electrical properties were characterized by distri-
bution of electrical potential across limited area of
the sample surfaces (Electric Force Microscopy, EFM)
[20–22]. In surface potential detection mode of the
SPM D3100, the effective surface voltage of the sample
is measured by adjusting the voltage on the tip to match
that of the surface, thereby minimizing the electric force
from the sample. Conducting and non-conducting re-
gions as well as regions of different metals will show
contrast in the images of the potential due to contact
potential differences.

Surface potential detection is a two-pass procedure
where the surface topography is obtained by standard
Tapping Mode in the first pass and the surface potential
is measured on the second pass. The two measurements
are interleaved: that is, they are each measured one line
at a time with both images displayed on the screen si-
multaneously. On the first pass, in Tapping Mode, the
cantilever is mechanically vibrated near its resonant fre-
quency by a small piezoelectric element. On the second
pass, the tapping piezo drive is turned off and an os-
cillating voltage VAC sin(ωt) is applied directly to the
probe tip. If there is a DC voltage difference between
the tip and sample, then there will be an oscillating elec-
tric force on the cantilever at the frequency ω. This
causes the cantilever to vibrate, and the amplitude can
be detected. If the tip and sample are at the same DC
voltage, there is no force on the cantilever at ω and the
cantilever amplitude will go to zero. Local surface po-
tential is determined by adjusting the DC voltage on the
tip Vtip until the oscillation amplitude becomes zero and
the tip voltage is the same as the surface potential. The
voltage applied to the probe tip is recorded by the SPM
and is used to construct a voltage map of the surface.

The hybrid samples prepared on Si substrates were
characterized also by SE technique. Photometric ellip-
someters with rotating analyzer [23] and photoelastic
modulator of light polarization [24] were used in the
spectral range of 250–800 nm. The complex reflection
was obtained from experimental data for complex re-
flection coefficient

ρ =
rp

rs
tanΨ exp(i∆) , (1)

where rp and rs are the Fresnel reflection components
for light polarized parallel (p) and perpendicular (s)

with respect to the plane of light incidence, Ψ and ∆
are the ellipsometric parameters, which determine the
change of the amplitudes |rk| and phases δk (k = p, s)
of the Fresnel reflection coefficients:

tanΨ =
|rp|
|rs|

, ∆ = δp = δs . (2)

The experimental data of ellipsometric parameters
for complex hybrid samples were analysed in the frame
of multilayer model. The sample was modelled by the
stack of layers parallel to the substrate surface, each ith
layer being characterized by thickness di and dielectric
function εi. The optical response of the multilayer sys-
tem was calculated by the transfer matrix technique [25]
modelling the light propagation and introducing the 2D
vectors for electric and magnetic fields, and taking into
account the boundary condition on the interfaces [23].

For the reference samples, like APTES / Si, the spec-
tral dependences of ellipsometric parameters were in-
terpreted in the multilayer model making use of the
database [26] for the dielectric functions of standard
materials like Si and silica. In this case the thickness
and the weight of sublayers were considered as ad-
justable parameters at fitting the modelled spectra to
experimental ones. For complex hybrid samples, both
dielectric function and thickness of sublayers were ad-
justable parameters in the fitting procedure. In this
case, the spectral dependence of ellipsometric param-
eters Ψ and ∆ was described by contribution of three
Lorentzian-type lines:

ε(E) =
∑
k

Ak

E2
k − E2 − iEΓk

, (3)

where Ak, Ek, and Γk are the amplitude, the energy,
and the width of kth Lorentzian line, respectively, and
i is the imaginary unit.

3. Results

3.1. Structural studies

Separated DNA structures were identified in the cor-
responding reference samples by SPM scanning. Typi-
cal SPM images of the surfaces for samples DNA / mica
are illustrated in Fig. 1. Shape in plane and variations
in height can be analysed in Fig. 1(a) where variations
in height over the surfaces are visualised in the grey-
scale method. Ball and thread like objects were found
on the mica surface of the reference samples by SPM
scanning. Thread like structures in the SPM images in
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(a) (b)
Fig. 1. Two-dimensional SPM images of (a) topography and (b) phase distribution for DNA layer self-assembled from colloidal solution on

the mica surface than rinsed in distilled water and dried.

Fig. 1(a) are typical of the samples based on mica sub-
strates with DNA on it (see, e. g., [19, 27, 28]). Consid-
ering the influence of tip diameter on the dimensions in
horizontal axis, thickness of the threads approximately
represents diameter of the thread like DNA structures
and is equal to about 7–8 nm. Length of these struc-
tures varies between 0.5 and 2 µm. The surface den-
sity of these structures seems being approximately the
same over surfaces of the same sample as well as in
several reference samples obtained under similar con-
ditions. Separated DNA structures were detected on the
surfaces after empirical selection of acceptable source
by sequential dilution of the initial colloidal solution
with DNA.

SPM images in the main phase mode (Fig. 1(b)) dis-
criminate between compositions of the objects on the
basis of friction and viscosity. Very bright objects in
Fig. 1(b) are attributed to precipitates of salts from the
solution. Light grey objects are much softer than the
bright ones and display the biomolecular structures.
The origin of the light grey spots in Fig. 1(b) that corre-
spond to the ball like objects in Fig. 1(a) are not deter-
mined in present stage of investigation. It can be sup-
posed that the ball like objects in SPM images represent
agglomerates of biomolecules remaining from the solu-
tions used in the DNA purification technology.

Typical topography of the metallized DNA layer on
mica substrate is shown by the SPM image of heights
in Fig. 2(a). The surface of the sample is covered

by comparatively smooth coating (grey background in
Fig. 2(a)) and separated rocks emerging from the coat-
ing or laying on the top of it (bright spots). Height of the
objects varies between 7 and 15 nm. Some of these ob-
jects are evidently different from the background coat-
ing as it can be proved by SPM image constructed from
the phase measurements (Fig. 2(b)). The bright spots in
Fig. 2(b) are associated with higher friction and can be
harder than the background coating. Since Ag nanopar-
ticles are deposited from colloidal solution on the top of
the structure, it seems reasonable to accept the bright
spots as visualized Ag based nanoobjects in the SPM
images in Fig. 2. It follows from careful comparison
of the height and phase images in Fig. 2 (a) and (b),
respectively, that only part of separated objects can be
supposed to be made of a more dense matter than the
background. Part of clearly identifiable peaks in the
SPM presentation of the heights looks like the back-
ground in the phase map in Fig. 2(b). The differences
between mechanical properties of separated objects in
Fig. 2 (a) and (b) can be explained assuming the pres-
ence of a thin coating of remaining substance from col-
loidal solution on the Ag nanoparticles even if Ag balls
rise above the surface.

The separated objects in the Ag-coated DNA layer
on mica were also analysed by EFM mode of the SPM.
Typical surface potential distribution over the scanned
area is illustrated by electrical force sensitive phase
images in Fig. 3. The area in Fig. 3 is the same as the



V. Bukauskas et al. / Lithuanian J. Phys. 48, 287–297 (2008) 291

(a) (b)
Fig. 2. Two-dimensional SPM images of (a) topography and (b) phase distribution for a layer composed of the APTES and Ag nanograins

on a mica substrate when the base voltage in the EFM mode scanning is +1 V.

(a) (b)
Fig. 3. Two-dimensional SPM images of the electric force phase distribution for a layer composed of the DNA and Ag nanograins on a mica

substrate with the base voltage (a) +1 V and (b) +10 V.

area in Fig. 2. In Fig. 3, the bright spots represent the
areas of locally charged domains of the sample surface.
The two images in Fig. 3 (a) and (b) were obtained for
the same area of the sample between which and the tip
the DC voltage difference is equal to +1 and +10 V, re-
spectively. A larger DC voltage difference between the

tip and the sample leads to a larger amplitude of oscilla-
tions of cantilever and, consequently, to a higher sensi-
tivity to the charged domains. In Fig. 3(a), bright spots
of low density can be associated with completely clean
Ag nanoparticles on the top of DNA layer. Metallic
nanoparticles that are partly or even completely cov-
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ered by an isolating coating are explicitly displayed
in the EFM phase image if the applied DC voltage is
high enough. Based on comparison of the topography,
standard phase and the EFM phase images, it seems
reasonable to suppose that Ag nanoparticles are com-
pletely covered by remaining substance from dried col-
loidal solution on the mica substrate and only part of
the nanoparticles are clear of this coating.

Specific multicomponent constructions self-assem-
bled on the Si substrates after final stage in the Ag /
DNA / APTES / [SiO2 / ]Si technology. These struc-
tures were traced by the SPM measurements. Typi-
cal images of SPM height map are shown in Fig. 4.
The two-dimensional representation of topography was
obtained for the same sample in as-prepared samples
and after rinsing in water ultrasound bath. Chains of
nanoparticles seem to be common feature of arrange-
ment of the surfaces in both SPM images in Fig. 4.
Several well-ordered multicomponent objects in which
Ag nanoparticles form lines are typically traced in the
square 1.5×1.5 µm2 on the surface of the samples. The
shape of the lines seems similar to DNA images ob-
tained for the mica based samples.

The sizes of nanoparticles in the combined coatings
were dependent on the final rinsing of the samples. The
SPM image in Fig. 4(a) represents topography of the
samples after self-assemblage of the top Ag nanoparti-
cles based layer, while the image in Fig. 4(b) shows the
surfaces after special final rinsing of the samples. The

particles are clearly smaller on the surfaces after rinsing
of samples. The effect of size reduction can be under-
stood if encapsulation of Ag nanoparticles within PVP
coating is considered. It seems reasonable to suppose
that several nanoparticles are trapped within single PVP
bubble. Therefore comparatively large nanoparticles
are visualized on the surfaces of as-prepared samples.
Rinsing in water removes the PVP coating and clean Ag
nanoparticles are displayed. The well-ordered structure
is determined by self-assemblage of Ag nanoparticles,
therefore the in-line arranged objects are traced on the
surfaces of the samples before and after rinsing.

3.2. Optical studies

The optical studies were used for characterization of
hybrid samples and identification of the components in
complex structures due to their contribution to optical
response. For this purpose, the optical response of sep-
arate components has been primarily investigated.

The spectral dependence of the optical response of
APTES layer deposited on Si substrate by immersion
technique was found to be well described by standard
dielectric function of SiO2 [26]. However, the weight
factor varied in the range of 0.5–1.0 indicating the
porosity of APTES layer, which is known [16] to be
dependent on technological regime of formation.

The spectral dependence of the ellipsometric param-
eters Ψ and ∆ for the hybrid sample Ag / APTES / Si

(a) (b)
Fig. 4. Two-dimensional SPM images of topography for the multilayer samples based on Si substrates modified with the APTES covered by

DNA layer and additional layer of Ag nanoparticles in (a) as-prepared state and (b) after rinsing in ethanol.
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(a) (b)
Fig. 5. (a) Experimental (points) and modelled (curves) of ellipsometric parameters Ψ and ∆ for the sample Ag / APTES / Si and (b) dielectric
function spectra of the effective surface layer obtained from the fitting procedure as compared with the absorption spectrum of colloidal

solution of Ag nanoparticles.

was fitted by the optical response of one effective layer
(Fig. 5(a)) on the APTES-modified Si substrate. Ac-
cording to the model calculations for this sample, the
thickness of the effective layer and APTES film was
5.3 and 11.5 nm, respectively. The spectral depen-
dence of the dielectric function for the effective layer
(Fig. 5(b)) possesses two features. The low-energy peak
at ∼2.2 eV can be attributed to the residual material
of the solution containing the PVP-coated Ag nanopar-
ticles. However, the peak can be also due to the in-
terparticle dipole–dipole couplings of nanoparticles on
solid substrates [29]. The peak at ∼3.4 eV is related
to the surface plasmon resonance of metal nanoparti-
cles [30] and corresponds to the absorption peak of Ag
colloidal solution (Fig. 5(b)). The higher-energy shift
of the peak in hybrid sample with respect to that in the

colloidal solution can be due to a reduced average size
of Ag nanoparticles.

Figure 6 illustrates the data for the hybrid sample
DNA / APTES / Si. As seen from Fig. 6(a), the experi-
mental data are well described by the model of two lay-
ers of thickness 25 and 13 nm simulating the optical re-
sponse of DNA and APTES, respectively. The dielec-
tric function of the surface layer deposited on APTES
(Fig. 6(b)) has shown two optical features. The lower-
energy peak at ∼2.3 eV is assumed to be due to the
salts from the DNA-solution. The higher-energy peak
at 4.6 eV agrees well with the electronic excitation of
DNA [31], which is represented by the main peak at
4.9 eV and subsidiary one at 4.4 eV.

The optical response of the complex hybrid sample
Ag / DNA / APTES / Si is quite complicated because of
interference pattern which manifests itself along with

(a) (b)
Fig. 6. (a) Experimental (points) and modelled (curves) of ellipsometric parameters Ψ and ∆ for the sample DNA / APTES / Si and (b) di-

electric function spectra of the effective surface layer obtained from the fitting procedure.
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(a) (b)
Fig. 7. (a) Experimental (points) and modelled (curves) of ellipsometric parameters Ψ and ∆ for the sample Ag / DNA / APTES / Si and

(b) dielectric function spectra of the upper, lower, and effective surface layer obtained from the fitting procedure.

the contribution of absorbing non-homogeneous sur-
face layer. In order to trace the spectral dependence
of the phase of the light reflected from hybrid sample,
additional measurements of the phase have been per-
formed making use of the ellipsometer with photoelas-
tic modulator of light polarization. Taking into account
the results of the phase measurements and ellipsomet-
ric data obtained on the reference samples, a multilayer
model was developed which described the experimen-
tal data for complex hybrid sample (Fig. 7(a)). The
model simulated the optical response of three layers on
Si substrate: (i) two surface layers of thickness 22 nm
(upper sublayer) and 4.5 nm (lower sublayer), each ap-
proximated by Lorentzian lines, and (ii) APTES layer
of thickness 49.5 nm, the contribution of which was as-
sumed to be the same as for silica [26]. The spectral
dependence of the dielectric function of the upper two
sublayers along with that for resultant effective layer is
shown in Fig. 7(b). As seen from Figs. 5(b), 6(b), and
7(b), the dielectric function of upper sublayer can be
interpreted by dominating contribution of Ag nanopar-
ticles, whereas the optical response of the lower sub-
layer is mainly caused by DNA, though some contribu-
tion of Ag nanoparticles has also been detected. Addi-
tional model calculations of the direct optical response
of the complex system Ag / DNA / SiO2 / Si agree well
with experimental data.

The optical studies have confirmed the results of
structural investigations. The optical response of the
DNA molecules integrated on the APTES-modified
surface of Si substrate along with the contribution Ag
nanoparticles were clearly resolved in the ellipsometric
spectra and were well simulated by model calculations.

4. Discussions

Quantitative analysis of the surface topology ob-
tained by SPM scanning can be based on processing of
digitized profiles of the scans. It was demonstrated in
various studies [32–34] that some features of the sur-
faces structures can be described by parameters of the
power spectral density (PSD) function derived from the
AFM surface profile data.

In our experiment the frequency distribution for a
digitized profile of length L, consisting of N points
sampled at intervals of d0, is described by formula

PSD(f) =
2d0
N

∣∣∣∣ N∑
n=1

e
i 2π
N

(n−1)(m−1) z(n)

∣∣∣∣2

for f =
m− 1

Nd0
, (4)

in which frequencies f range from 1/L to (N/2)/L.
The PSD functions obtained for our samples character-
ized by the SPM images in Fig. 4 are illustrated in Fig. 8.
The PSD dependences on frequency are similar to those
typically obtained for the samples in which thin layers
are deposited on smooth substrate [32–35].

It was shown in [35] that PSD of a thin film coating
can be described by a sum of PSD of the substrate and
the PSD of the pure film. The PSD analytical model
includes the mathematical term describing the overall
roughness contribution from the substrate (dominated
by fractals) and pure film. PSD of the substrates with
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Fig. 8. The PSD function obtained from the SPM topography data
in Fig. 4 (points) for the samples before (1) and after rinsing (2).

Lines are model calculations explained in the text.

spatial frequencies f mostly follows a fractal model,
which obeys the inverse power law [32, 35] similar to

PSDfractal(f : K, ν) =
K

fν+1
. (5)

The intrinsic surface parameters describing such frac-
tal-like surfaces are spectral strength K and spectral in-
dices ν. The formula (5) is acceptable for the highly
finished surfaces that can be assumed as self-affine. For
these surfaces fractal analysis can be applied using D as
the fractal dimension. The fractal dimension D can be
related to the experimental results by formula [32, 35]

D =
7− (ν + 1)

2
=

6− ν

2
, with 0 < ν < 2 . (6)

The PSD function of pure film can be described us-
ing the k-correlation model also called the ABC model
[32, 33, 35]. Based on this model, the PSD function is
described by formula

PSDABC =
A

(1 +B2f2)(C+2)/2
, (7)

with A, B, C being the function parameters and the
value of C greater than 2. This model satisfactorily de-
scribes random rough surfaces over large length scales.
If calculated according to (7), a “knee” appears in the
PSD function. This specific shape of the function is de-
termined by B, which is equal to the correlation length.
At small f values well below the knee the PSD is deter-
mined by A, and at high f values, beyond the knee, the
surface is fractal and the PSD function is determined by
C.

Sum of the terms (5) and (7) was used to calculate
theoretical curves shown by lines in Fig. 8. The param-
eters in (5) and (7) were varied until theoretical curves

fitted experimental dependences represented by points
in Fig. 8. The PSD model satisfactorily characterized
the topographies of our samples. The fractal rough-
ness components of substrate and intrinsic film rough-
ness have been derived from this modelling. It can be
emphasized here that the first term related to the sub-
strate and substrate-induced effect is described by al-
most the same parameters for as-prepared and rinsed
samples. For the substrate the fractal dimension equal
to aboutD = 2.7 is obtained, while the spectral strength
K is about 104. The parameters of the second term rep-
resenting the ABC model are dependent on the tech-
nology of the coating. For as-prepared coatings the
parameters were A = 2.8·109, B = 0.68, C = 4.2.
After rinsing the model description of the PSD func-
tion gives A = 4·107, B = 0.17, C = 4.95. It must
be pointed here that applied voltage in the EFM mode
does not change the PSD function. Since the parameter
B is proportional to the correlation length representing
the mean grain size in the coating, the model analysis
of PSD function quantitatively defines reduced dimen-
sions of the nanoobjects of the layer after sample rins-
ing. Considering the characterization of Si substrate,
flat well-prepared surfaces have to be described by D =
2. Higher D magnitudes can be explained by compara-
tively large roughness of the surface. It can be supposed
that technological procedures used for formation of the
multicomponent coating seem to be damaging the sur-
faces of the Si substrates that initially have been char-
acterized by variations in height of about 1–2 nm.

5. Conclusions

The self-arranged ordered DNA structures decorated
by Ag nanoparticles are effectively formed on the Si
surface modified by APTES. On these substrates, de-
tailed SPM structural studies revealed the main regu-
larities in the self-organization process of DNA struc-
tures. The investigations have shown the commonali-
ties and some specific features in the hybrid structures
on smooth mica surface and modified Si substrates. Ab-
sence of regular structures on mica surfaces has proved
that binding force of DNA to the surfaces is much lower
in mica-DNA system compared to the hybrid struc-
ture based on modified Si substrates. Spectroscopic
ellipsometry measurements were shown to be effec-
tive tool for characterization of complex hybrid sam-
ples Ag / DNA / APTES / Si. The contributions to opti-
cal response due to components in hybrid samples can
be separated by detailed ellipsometric studies.
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DNR SĄSAJOS SU DAUGIAKOMPONENČIAIS DARINIAIS Si PAVIRŠIUJE TYRIMAS
SKENUOJANČIOJO ZONDO MIKROSKOPU IR OPTINIAIS METODAIS

V. Bukauskas, J. Babonas, A. Rėza, J. Sabataitytė, I. Šimkienė, A. Šetkus

Puslaidininkių fizikos institutas, Vilnius, Lietuva

Santrauka
Darinių su DNR molekulėmis susitvarkymas ant švaraus žėru-

čio ir specialiai apdoroto Si paviršių yra tirtas skenuojančiojo zondo
mikroskopu (SZM) ir spektroskopine elipsometrija (SE). Kambario
temperatūroje DNR junginiai nusodinami ant kietojo paviršiaus iš
koloidinių tirpalų. Kietieji padėklai su biomolekulėmis taip pat pa-
dengiami Ag nanodalelių sluoksniu. Savitvarkių darinių paviršiaus

atvaizdas gaunamas naudojant įvairius SZM režimus. Taip pat ti-
riama optinio atsako priklausomybė nuo daugiakomponenčio hibri-
dinio darinio sandaros. Specifiniai pokyčiai, stebimi optiniame at-
sake, atsiranda dėl DNR molekulių ir Ag nanodalelių susijungimo
savitvarkiame hibridiniame darinyje ant Si paviršiaus. Aptariamos
tvarkingai ant kietojo paviršiaus susirikiavusių darinių charakteris-
tikos, siejant jas su DNR ir Ag nanodalelių susijungimo ypatumais.


