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We investigate by di
erent complementary methods the processes occurring when a polydimethylsiloxane �lm is used as interlayer
for a silver doped hydroxyapatite coating.	e X-ray di
raction and Fourier Transform Infrared Spectroscopy measurements show
that the hydroxyapatite dopedwith silver is in a crystalline form and some SiO4

4− ions formation takes place at the surface and in the
bulk of the newhydroxyapatite dopedwith silver/polydimethylsiloxane composite layer.	epossibility of SiO4

4− ions incorporation
in the structure of silver doped hydroxyapatite by the mechanism of SiO4

4−/PO4
3− ions substitution is analysed. 	e new formed

silver doped hydroxyapatite/polydimethylsiloxane composite layer is compact, homogeneous, with no cracks as it was shown by
Scanning Electron Microscopy and Glow Discharge Optical Emission Spectrometry.

1. Introduction

Hydroxyapatite (HAp, Ca10(PO4)6(OH)2) is a biomaterial
with a wide range of applications in medicine due to its
biocompatibility, bioactivity, and osteoconductivity [1–4].
Hydroxyapatite has been used to �ll a wide range of bony
defects in orthopedic and maxillofacial surgeries and den-
tistry [5–8]. It has also been widely used as a coating for
metallic prostheses to improve their biological properties [9–
11].

From an antibacterial point of view, silver nanoparticles
are widely used in medical devices and supplies such as
wound dressings, sca
old, skin donation, recipient sites, and
sterilizedmaterials in hospitals,medical catheters, contracep-
tive devices, surgical instruments, bone prostheses, arti�cial
teeth, and bone coating.

Recently, the use of inorganic antibacterial agents, like sil-
ver or copper, incorporated in the structure of hydroxyapatite
has been shown to be of great interest in the �ght against
microbes [4]. Hydroxyapatite (HAp) has a very high cation
exchange rate with silver ions. Even if at high concentration
the silver can be toxic, in small concentrations it has a broad
spectrumof antibacterial activity for awide range ofmicroor-
ganisms like viruses, bacteria, or fungi [2]. 	erefore the
optimization of the Ag concentration in the HAp structure is
critical to guarantee an optimum antibacterial e
ect without
cytotoxicity.

	emost common technique to incorporate Ag intoHAp
structure is via an ion exchange method, in which the Ca
ions in HAp are replaced by Ag ions while dipping the HAp
coatings into AgNO3 for a period of time [2]. 	e limitation
of this ion exchange method is that Ag will reside mostly on
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the outer surface of the coating and will be quickly depleted
in vivo/in vitro without long-term antibacterial e
ect.

In our previous studies [11] we presented preliminary
results regarding the synthesis, characterization, and antibac-
terial properties of hydroxyapatite (HAp) and silver doped
hydroxyapatite (Ag:HAp). 	e exact antibacterial action of
silver nanoparticles (AgNPs) is not completely understood
[12]. On the other hand, in the literature, studies on the
preparation and characterization of the silver doped hydrox-
yapatite powders are almost absent. Antibacterial studies on
the Ag:HAp nanopowders are also not presented. Recent
studies [11, 13] have demonstrated that Ag:HAp nanoparticles
prepared by coprecipitation method at 100∘C show great
promise as antibacterial agents against both gram-positive
and gram-negative bacteria [13, 14].

Coatings of HAp have been deposited as amorphous lay-
ers by various techniques like plasma-spray technique, pulsed
laser deposition, electrodeposition, sol-gel processing, and
radio-frequencymagnetron sputtering [15, 16].	erefore, the
coatings are thermally crystallized at elevated temperatures.
During these thermal treatments, many cracks are formed
due to a thermal expansion mismatch between the coating
and the metal substrate, which severely reduces the bonding
strength of the coating layer with the substrate [16].

In order to improve the delamination of HAp coatings
di
erent types of interlayers between the substrate and the
HAp coating have been used as reinforcement agents. For
example, SiO2 layers are known for their own excellent
compatibility with the living tissues and their high chemical
inertness [17].

	e polydimethylsiloxane (PDMS) is an elastomer with
biocompatible properties and is frequently used as substrate
for biological studies [6, 18]. 	e hydrophobic character of a
PDMS layer, due to the methyl groups present on its surface,
makes it suitable for nonadherent cell culture studies [19]. On
the other hand, the oxidation of the PDMS surfaces can be
achieved by di
erent treatment methods [19], leading to the
formation of hydrophilic SiO2 surfaces which may favor the
cells adhesion.

In this paper a method for generation of a Ag:HAp-
PDMS composite layer by thermal evaporation of Ag:HAp
nanoparticles and their deposition on the surface of a pure
Si disk substrate previously covered with a PDMS layer is
presented. 	e role of the polymer layer and the associated
physicochemical processes that take place during the inter-
action of the hydroxyapatite vapours with the polymer are
investigated by Scanning Electron Microscopy (SEM), X-ray
di
raction (XRD), Fourier Transform Infrared Spectroscopy
(FTIR), and Glow Discharge Optical Emission Spectroscopy
(GDOES).

2. Experimental Section

2.1. Deposition of PDMS Polymer Layer on Commercially
Pure Si Disks. 	e PDMS layers have been generated in
atmospheric air pressure corona discharges starting from
liquid precursors of vinyl terminated polydimethylsiloxane.
	e method and the experimental conditions used for the

deposition of thin PDMS layers (with an average thickness in
the hundred nanometers range) on metallic substrates were
presented in detail in [8, 9].

2.2. Silver Doped Hydroxyapatite (Ag:HAp) Nanoparticles. In
order to synthesize the silver doped hydroxyapatite (Ag:HAp)
precursors of calcium nitrate [Ca(NO3)2⋅4H2O, Aldrich,
USA], ammonium hydrogen phosphate ((NH4)2HPO4;
Wako Pure Chemical Industries Ltd.) and AgNO3 (Alpha
Aesare, Germany, 99.99% purity) were used. Controlled
amounts of ammonium hydrogen phosphate and silver
nitrate were dissolved in ethanol. A�er adding distilled
water, the solution was stirred vigorously for 24 h at 40∘C.
In a separate container, a stoichiometric amount of calcium
nitrate was dissolved in ethanol with vigorous stirring for
24 h at 40∘C.	e Ca-containing solution was added slowly to
the P-containing solution and then aged at room temperature
for 72 h and further at 40∘C for 24 h. 	e composition ratios
in the Ag:HAp (�Ag = 0 and �Ag = 0.5) sol were adjusted
to have [Ca+Ag]/P as 1.67 [11, 47]. 	e obtained Ag:HAp
nanopowders were treated at 800∘C for 6 hours.

2.3. Deposition of Ag:HAp Solid Layers on Silicon Substrates
Previously Coated with a PDMS Layer. Starting from an
Ag:HAp (�Ag = 0.5) powder (source material), by the thermal
evaporation technique, an Ag:HAp solid layer has been
deposited on a silicon substrate previously coated with a
PDMS �lm. By this technique the Ag:HAp is evaporated in
vacuum. 	e vapours travel directly to the substrate where
they condense to a solid state. A HOCH VACUUM Dresden
installation was used under environment conditions. 	e
pressure in the deposition chamber was in the range of
8 ⋅ 10−5 torr. 	e time range for a deposition cycle was
around 120min. 	e substrate was maintained at room
temperature and at ground electrical potential. 	e Ag:HAp
powder evaporation temperature was 1100∘C. 	e tungsten
boat temperature during the Ag:HAp powder evaporation is
in the range of 1178–1205∘C. 	e distance between substrate
and boat is 5 cm.

	e evaporation timemeasured during deposition is situ-
ated in the range of 20 sec for amaximum current intensity of
� = 75A and in the range of 15 sec for a maximum current � =
80A. Taking into account the deposition characteristics, such
as the total amount of HAp totally deposited (in mg) and the
substrate-boat distance, the calculated evaporation velocities
are V1 = 0.167mg/s or V1 ∼ 8.3 nm/s.	e calculated thickness
of a Ag:HAp (�Ag = 0.5) layer deposited, in the experimental
conditions presented above, on a silicon substrate is about
480 nm. In the presence of a PDMS �lm, the evaporated
Ag:HAp nanoparticles that travel to the substrate condense,
being trapped into the polymer bulk. 	us, an Ag:HAp-
PDMS composite layer is generated.

2.4. Samples Characterizations. 	emorphology of themate-
rial was studied using a Quanta Inspect F Scanning Electron
Microscope (SEM) equipped within gun beam in emission
�eld, with wolfram �lament and with a linear resolution
of 5 nm. A part (10mm) of a Si substrate with a diameter
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of 20mm was covered with a PDMS layer by the method
presented above. 	en an Ag:HAp layer was deposited by
thermal evaporation technique on the entire surface of the
Si substrate. 	e XRD patterns were recorded in the range
of 25–55∘ using a Philips PW1830 di
ractometer with �ltered
Cu K� radiation. 	e IR spectra of the Ag:HAp-PDMS
composite layer formed on a silicon substrate have been
obtained using an IR Perkin Elmer spectrometer equipped
with a variable angle specular re�ectance accessory. In order
to perform depth pro�le studies of the Ag:HAp-PDMS
composite layer we varied the angle of incidence light on the
sample (equal but opposite to the angle of re�ected light)
from 30∘ to 60∘. Here should be: 	us, function of the angle
of incidence of the light on the sample the penetration depth
of the light into the layer can be changed. For an angle of
re�ection of 30∘, the geometrical position of the variable angle
specular re�ectance accessory inside the IR spectrometer
allows the investigation of the composite layer/substrate
interface. As the angle of re�ection is increased up to 60∘

we can get information about molecules bonds arrangement
in the composite layer bulk and as close as possible to
the layer surface [9]. For certain spectral ranges, the peak
�tting analyses were performed using procedures of Kolmas
et al. [48]: (i) baseline correction, (ii) second derivative
calculation and self-deconvolution assessment in order to
determine the number and positions of the bands, and (iii)
curve �ttings with �xed peak positions using Lorentzian
functions. In the previous studies Matsuhiro and Rivas [49]
and Gómez-Ordóñez and Rupérez [50] showed that second
derivatives of FTIR spectra are generally used as an aid for
wavenumber determination of weak absorption bands or
to improve resolution of overlapped bands in the original
spectra. To that end, in our studies, derivation including
Savitzky-Golay algorithm with nine smoothing points was
performed. 	e depth pro�le analysis of the Ag:HAp-PDMS
composite layer formed on a silicon substrate was performed
by GlowDischarge Optical Emission Spectroscopy (GDOES)
using a GD Pro�ler 2 from Horiba/Jobin-Yvon. 	e selected
operating conditions were as follows: 650 Pa for pressure and
35WRF power, working in pulsed mode at 1 kHz pulsing
frequency, and a duty cycle of 0.25. In this technique an
area of 4mm of the layer is sputtered by a pulsed RF Ar
plasma. 	e sputtered atoms from the layer are then excited
by inelastic collisions in the plasma and the emitted lightis
monitored in real time providing intensities of the elements
of the investigated sample from the surface down to the
substrate as a function of time.

An accurate conversion of sputtering time into sputtered
depth is not straightforward because the sputtering rate is
material dependent and varies during the elemental depth
pro�ling measurement.

3. Results and Discussions

3.1. Scanning Electron Microscopy. In Figure 1(a) an image
of the interface zone between the Ag:HAp-PDMS composite
layer (the dark zone) and the Ag:HAp layer (the light zone) is
presented.	e polymer acts as a matrix layer for the Ag:HAp

coating. Also, it can be observed that both the Ag:HAp-
PDMS composite layer and the Ag:HAp layer are compact
and homogeneous with no cracks. In this way, by placing
a polymer as interlayer on a material surface intended to
be used as substrate for Ag:HAp coating, it is possible to
improve its delamination property and thus the adherence
of the Ag:HAP layer to the substrate. A high resolution SEM
image of the Ag:HAp-PDMS composite layer is presented in
Figure 1(b).

3.2. X-Ray Di�raction. XRD patterns of the Ag:HAp
nanopowder and the Ag:HAp-PDMS composite layer are
shown in Figure 2. All the observed di
raction maxima
correspond to the hexagonal hydroxyapatite phase in good
agreement with the standard ASTM data (JCPDS number
9-0432). 	e peaks associated with other phases are not
observed. 	e absence of other phases can indicate an incor-
poration of SiO2 into the Ag:HAp structure, by substitution

of SiO4
4− ions with PO4

3− ions [51, 52]. 	e XRD character-
izations of the Ag:HAp-PDMS composite layer are endorsed
by the surface morphologies observed by SEM (Figure 1).

3.3. Fourier Transform Infrared Spectroscopy (FT-IR). In the
following section we will present the FT-IR analysis of each
component that constitutes the Ag:HAp-PDMS composite
layer.

First, we investigated the polymer structure.	e IR spec-
tra and the IR bands assignment of the polymer generated
from liquid precursors of vinyl terminated PDMS on a silicon
substrate function of the angle of the incident light on the
sample are presented in Figure 3 and Table 1.

A possible pathway of the polymerization mechanism of
the vinyl terminated PDMS precursors involves the breaking
of the double bond of the end group and thus the further
linkage of the polymeric chains [9].

As we increase the angle of incident light on the sample

up to 60∘, it can be observed that the band from 1152 cm−1

increases and the band from 860 cm−1 decreases appearing
like a shoulder on the new 880 cm−1 band. 	e increase
of the intensities of the 1152 cm−1 and 880 cm−1 IR bands
accompanied by the decrease of 860 cm−1 IR band can be
understood knowing that, during the polymerization process
of PDMS in negative corona discharge, the formation of the
new Si-O bonds due to the injection of the negative ions in
the liquid precursor bulk is associated with the diminishing
of Si-CH3 bonds [9, 53]. 	us, in the polymer layer bulk,
mainly at the polymer layer surface SiO2 structures [9] can
be generated.

In the same time, in [9] it was mentioned that during
the polymerization process of PDMS in negative corona dis-
charge in air at atmospheric pressure some water molecules
can be injected into the layer bulk. 	ey can be decomposed
in OH groups due to the high electric �elds associated with
corona discharges [9, 54].

	erefore, the band from 1650 cm−1 present in the IR
spectrum of the PDMS polymer, assigned to partly hydrated
silica and to the stretching vibrations of adsorbed OH group
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Figure 1: SEM image of (a) interface between the Ag:HAp-PDMS composite layer and the Ag:HAp layer and (b) Ag:HAp-PDMS composite
layer.
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Figure 2: XRD di
raction patterns of the Ag:HAp nanopowder (a) and the Ag:HAp-PDMS composite layer (b).

respectively (Si-OH) [46] indicates the formation of Si-OH
group [55]. 	e existence of the Si-OH in the PDMS layer
is also suggested by the formation of the new Si-O bonds by
the possible hydroxylation Si-OH + Si-OH = Si-O-Si + H2O
reaction [55].

Second, we performed FT-IR analysis on the Ag:HAp-
PDMS composite layer. 	e IR spectra are presented in
Figure 4. Furthermore, the IR bands assignment is high-
lighted in Table 1.

	e IR band from 1152 cm−1, Figure 3, is shi�ed to

1140 cm−1, Figure 4, being visible only in the spectrum
obtained for an angle of incident light on the sample of
60∘. 	e shi� of this band and its absence in the IR spectra
obtained at � = 30∘, 40∘, and 50∘, respectively, Figure 4, can
indicate the rearrangements of Si and O atoms in the SiO2
structures when an Ag:HAp layer is deposed, by the thermal

evaporation technique, on a substrate previously coated with
a PDMS �lm.

	e formation of SiO4
4− groups was evidenced by the 490

and 695 cm−1 IR bands (Figure 4 and Table 1).

	e 1004 and 1071 cm−1 IR bands (Figure 3 and Table 1)

seem to be shi�ed to 995 and 1066 cm−1 (Figure 4), respec-
tively, possibly due to the overlapping of IR bands character-
istics to PDMS and Ag:HAp.

In comparison with the IR spectrum of the PDMS layer
(Figure 3), in the IR spectrum of Ag:HAp-PDMS composite
layer (Figure 4) we can observe a broad band in 3000–

3600 cm−1 region due to the adsorbedH2O from the Ag:HAp
structure, OH or Si-OH groups [36, 46], its intensity being
diminished as we approach the surface of the Ag:HAp-PDMS
composite layer (Figure 4). 	e diminishing of the band
intensity as close as possible to the surface layer can be



Journal of Nanomaterials 5

Table 1: FT-IR bands associated with the functional groups present in the structure of Ag:HAp-PDMS composite layer.

Wavenumber (cm−1)
IR bands assignment

PDMS layer Ag:HAP-PDMS layer

490 — SiO4
4− [20–23], Figure 4

498, 512, 543, 550 — SiO4
4− [24, 25], Figure 5(a)

562, 590, 602, 611 —
P-O bending vibrations in PO4

3−

tetrahedron in crystalline HAP
[20–23, 26–35], Figure 5(a)

620
Si(CH3)2 asymmetrical stretching

vibration [36], Figure 3
—

695 —
Crystallinity of SiO2 type materials [37],

Figure 4

780 — Si-O-P vibration [38], Figure 5(c)

784 Si-C stretching vibration [36], Figure 3 —

814, 816, 817.5 — Si-O-Si bonds [27, 28], Figure 5(c)

828 — Si-O-Ag [39, 40], Figure 5(d)

860 Si-CH3 rocking vibration [36], Figure 3 —

862 — Si-O, Si-C vibrations [28], Figure 5(e)

870 — CO3
2− vibrations [20, 30, 41], Figure 5(e)

877 — HPO4
2− ions [32, 34, 42, 43], Figure 5(e)

889 Si-O bending vibration [37, 44], Figure 3 —

925, 945, 975 —
P-O vibrations in PO4

3− group
[20–23, 26–30, 45], Figure 5(b)

1004, 1071 Si-O-Si vibrations [36], Figure 3 —

1000, 1044, 1067, 1085 — PO4
3− [20–23, 26–35], Figure 5(b)

1140 — Si-O vibrations [9, 37, 44], Figure 4

1152 Si-O vibrations [9, 37, 44], Figure 3 —

1254, 1400
CH3 vibrations in Si=CH3 group [36],

Figure 3
CH3 vibrations in Si=CH3 group [36],

Figure 4

1650 H2O, OH, Si-OH [46], Figure 3 H2O, OH, Si-OH [46], Figure 4

2912, 2964 C-H vibrations [36], Figure 3 —
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Figure 3: IR spectra of a polymer generated from a vinyl terminated
polydimethylsiloxane liquid precursors on a silicon substrate for
di
erent re�ection angles.
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Figure 4: FTIR spectra of the Ag:HAp-PDMS composite layer func-
tion of the angle of the incident light on the sample.
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explained if we consider that during the deposition process
the Ag:HAp evaporated molecules that travel to the substrate
di
use into the PDMS layer bulk, heating it. During the
condensation of the Ag:HAp molecules on the substrate, we
suppose that several processes, such as the water evaporation
and the generation of some new bonds in the bulk of the
Ag:HAp-PDMS composite layer, are taking place.

	e IR band from 1650 cm−1 observed in the spectrum
of the PDMS layer (Figure 3) is still present in the spectrum
of the Ag:HAp-PDMS composite layer (Figure 4). In some
previous studies on polydimethylsiloxane/HAp composites

[38], it was shown that an IRband at around 1650 cm−1 orig-
inates from the deformational vibrations of hydroxyapatite
OH groups, which form hydrogen bonds with the siliconate
OH groups.

According to previous studies [27, 56], the IR spectral
regions speci�c to chemical bonds present in Si based com-
pounds (mainly Si-O) and HAp (P-O bonds), respectively,
are almost similar. 	us, we have performed a peak �tting
analysis of the IR spectrum of the Ag:HAp-PDMS composite
layer for a proper identi�cation of the processes that take
place during its formation (Figure 5). It was previously shown
[24, 25, 38, 57, 58] that the overlapping of Si-O and P-O bands
could indicate the incorporation of Si based structures in the
Ag:HAp.

In Figures 5(a) and 5(b) all the IR bands speci�c to P-

O vibrations in PO4
3− ions and those speci�c to Si-O bonds

in SiO4
4− ions which are also summarized in Table 1 can be

observed. 	e appearance of these Si-O peaks might indicate
a partial loss of phosphate groups and/or of the symmetry
at the site caused by substitution of silicate species in Si-

HAp [24, 25]. At the same time, the IR band from 1000 cm−1

(Figure 5(b)) and 925 cm−1 highlights the incorporation of Si
into theHAp structure [57, 58]. Jovanovic et al. [38] suggested
that the overlap of the Si-O and P-O bands might indicate a

substitution of PO4
3 with SiO4

4−.

	e results of the peak �tting analysis presented in
Figure 5(c) reveal the presence of Si-O-Si bonds speci�c to
inorganic silica moiety [29], also asserting their presence
in the Ag:HAp-PDMS composite layer. 	e Si-OH groups
are present in the Ag:HAp-PDMS composite layer (Figure 4)
due to the formation of the interlinked bonds of Si-O-Ag
or Si-O-P type, Figure 5(d). According to [39, 40] a double
displacement reaction, Si-O-H +Ag+ = Si-O-Ag +H+, would
be expected to have occurred, causing the appearance of Si-O-
Ag vibration bands in the FT-IR spectrum of Ag:HAP-PDMS
composite layer. Likewise, the Si-O-P bonds can be formed
due to the interaction of the siliconate molecules with OH
groups from the structure of hydroxyapatite [38].

In Figure 5(e) the results of the peak �tting analysis

obtained in the 850–890 cm−1 spectral regionwhere the over-
lapping of the Si-O, Si-C, HPO4

2−, and CO3
2− characteristic

bands has previously been explained [20, 25, 30, 32, 34, 35, 41–
43] are presented.

	e peaks associated with all the functional groups
present in the IR spectra of Ag:Hap-PDMS composite layer
are summarized in Table 1.

3.4. Glow Discharge Optical Emission Spectrometry (GDOES).
In Figure 6(a) the depth pro�le curves of the Si, O, C, and H
atoms in the bulk and at the surface of the PDMS layer are
presented.

	e depth pro�les of the P, Ca, Ag, and O atoms in a
Ag:HAp layer were presented elsewhere [20].

In Figure 6(b) it can be observed that the depth pro-
�le curves of all the elements identi�ed in the bulk of
the Ag:HAp-PDMS composite layer have similar behaviour.
	ere is no sharp delimitation between the Ca, Ag, P, O, and
H depth pro�le curves speci�c to a Ag:HAp layer and those of
Si, O, C, and H atoms present in the PDMS layer. 	is could
result from di
erent causes: roughness of the interface (as the
GD averages the signals over the entire erosion zone), �atness
of the crater bottom, or formation of a composite material.
	e operating conditions selected for the present analysis
provide a �at crater bottom, while for other similar samples
[20] the interface did not indicate any roughness. 	erefore,
the GD results correlate the observations made and tend to
indicate that during the deposition process there are some
interactions between the Ag:HAp particles and the polymer
and thus the formation of a composite material.

Compared to Figure 6(a), in Figure 6(b), the intensity of
the Si depth pro�le decreases and a broadening of its shape
can be also observed. 	e redistribution of Si atoms in the
bulk of the new composite layer emphasizes the possibility of
Si involvement in the formation of new Si-O, Si-O-Ag, and
Si-O-P chemical bonds. 	e Si depth pro�le curves reach a
plateau only a�er the Ca pro�le curve drops down.

	is observation is an indication of silicon atoms involve-
ment not only in the silicon oxide structures, Si-O-Ag or
Si-O-P bonds formation, but also in the structure of the
Ag:HAp-PDMS composite layer, in accordance with FT-IR
investigations. A plateau in a pro�le curve followed by an
increase is an indication of substrate interface. 	is kind of
behaviour of a certain depth pro�le curve when all the other
depth pro�le curves decrease is generally observed when an
element contained in the investigated layer is also present in
the substrate material [9, 59].

In the current study we have presented for the �rst
time the formation of an Ag:HAp-PDMS composite layer by
deposition of Ag:HAp nanoparticles on a substrate previously
coated with a PDMS layer via a simple and reproducible
method. 	e studies of the Ag:HAp-PDMS composite layer
are captivating, mainly because of their interesting physico-
chemical properties and unique structure, which make them
attractive for many applications. Due to the presence of Ag in
the layer structure, this compound presents a great interest in
future biological and biochemical studies. In previous studies
[20], it was shown that Ag:HAp thin �lms have antimicrobial
properties against Escherichia coli and Staphylococcus aureus
bacteria. According to Shevchenko et al. [40], formation of Si-
O-M linkages can be indicated by the shi� of Si asymmetric
valence band to the �eld of lower frequencies. On the other
hand, the GDOES analysis showed that during the deposition
process there are some interactions between Ag:HAp and
the polymer thus forming a new composite material. 	ese
results are supported by the presence of vibrational bands
associated with Si-O-Ag bonds in the obtained IR spectrum
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Figure 5: FT-IR deconvoluted spectra of the Ag:HAp-PDMS composite layer in the spectral regions: (a) 450–650 cm−1, (b) 900–1200 cm−1,
(c) 810–820 cm−1, (d) 822–835 cm−1, and (e) 850–890 cm−1, for an incident angle of the light on the sample of 60∘. 	e experimental curve is
plotted in red and calculated theoretical bands are in blue.
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Figure 6: GDOES spectra of (a) PDMS layer and (b) Ag:HAp-PDMS composite layer, generated on a Si substrate.

(Figure 5(d)) which ascertain the presence of Ag in the struc-
ture of the Ag:HAp-PDMS composite layer [40]. Moreover,
this study develops a novel and facile method to produce
composites based on Ag (Ag:HAp-PDMS composite layer)
which can be used for large-scale applications.

4. Conclusions

In this paper a method for the deposition of a Ag:HAp
coating on a substrate previously covered with a PDMS layer
is presented. As the SEM investigations showed, the PDMS
layer acts as a matrix in which the Ag:Hap is incorporated.
In this way, a Ag:HAp-PDMS composite layer is formed. 	e
XRD measurements showed that the crystalline form of the
Ag-HAP is maintained in the composite layer.

By FT-IR andGDOES spectral techniqueswe investigated
the physicochemical processes that take place during the
interaction of Ag:HAp with the PDMS layer. 	e FT-IR
analysis, in agreement with the XRD measurements, showed
that the physical procedure used for the generation of the
Ag:HAp-PDMS composite layer is useful for the formation

of SiO4
4− ions. On the other hand, the SiO4

4−, ions can
be incorporated into the Ag:HAp structures substituting the

PO4
3− ions from the structure of Ag:HAp. We suppose that

a�er the condensation of the Ag:HAp on the substrate, due to
the heating of the SiO2 network present in the polymer bulk,

the SiO4
4− ions are generated.

	eGDOES depth pro�ling curves of theAg:HAp-PDMS
composite layer indicate that its composition is homogeneous
which can be explained by the formation of the Si-O-Ag and
Si-O-P bonds, respectively, and the Si involvement inAg:HAp
structure.
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