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The study of a-C:N coatings at different concentration of nitrogen, their surface chemistry and wettability effect
on cell/material response in vitro test was performed. The surface structure of deposited coatings was investigated
by means of scanning electron microscopy (SEM) and atomic force microscopy (AFM) methods. The coatings were
characterized with respect to their bonding structure by photoelectron spectroscopy (XPS) analysis. The wettability
was analysed by means of advanced water contact angle method and the surface free energy (SFE) was calculated
according to Robertson equation. The biocompatibility was estimated by standard protocols. The best results were
obtained in the case of coatings with the greater parameters of SFE and the minimal values of ratio N, : C;Hs.
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INTRODUCTION

Amorphous carbon based coatings have a great
potential for biomedical applications due to its high
hardness, low frictional coefficient, chemical inertness,
high wear and corrosion resistance. These properties
match well with the criteria of a good biomaterial for
applications in orthopedic, cardiovascular and dentistry.
In vitro tests of cell adhesion on material and coating
surfaces are the basic tools to determine the material
surface/cell response on a cellular level [1, 2]. The
effects of materials composition, surface chemistry and
surface topography on cell adhesion and proliferation
have been largely studied [3, 4]. The surface energy is
also the fundamental material property that can
influence on cell behavior [5]. Changing of surface
chemistry enables to control wettability of amorphous
carbon based coatings and future biological response.

1. MATERIALS AND METHODS

The investigations of a-C:N coatings surface
properties effect on cell adhesion in vitro test were
made. The coatings with different concentration of
nitrogen were formed on glass substrates. The
deposition process was carried out by adding steam-to-
gas mixture in glow discharge plasma generated by DC
ion source with different ratio N,:C;Hg at chamber. The
main parameters of deposition process were presented:
the ion source power 150 W, bias voltage in the range
80...160 V, substrate temperature and nitrogen
concentration in mixture in the ratio N,:C;Hg 10:90,
15:85, 20:80, 25:75. Adjustment of deposition
conditions has an important influence on surface
chemistry and wettability of amorphous carbon based
coatings.

The surface structure and morphology of deposited
coatings were investigated by means of scanning
electron microscopy (SEM) and atomic force
microscopy (AFM) methods. X-ray photoelectron
measurements have been carried out on the ESCALAB
MkIl (VG Scientific) electron spectrometer at a base
pressure in the analysis chamber of 5x10°® Pa using
anode AlKo X-ray source with excitation energies of
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1486.6 eV (160 W). The spectra are recorded at the total
instrumental resolution (as it was measured with the
FWHM of Ag3ds, photoelectron line) of 1.18 eV for
AlKa excitation source. The energy scale has been
calibrated by normalizing the Cls line of adsorbed
adventitious hydrocarbons to 285.0 eV. The processing
of the measured spectra includes a subtraction of X-ray
satellites and Shirley-type background [6]. The peak
positions and areas are evaluated by a symmetrical
Gaussian-Lorentzian  curve fitting. The relative
concentrations of the different chemical species are
determined based on normalization of the peak areas to
their photo ionization cross-sections, calculated by
Scofield [7].

The wettability was investigated by means of sessile-
drop method of dynamic contact angle measurement of
distilled water at temperature 20°C. The surface free
energy (SFE) was calculated according to Robertson
equation. The cytotoxicity and cyto compatibility were
estimated in vitro tests by standard protocols. In the
process of cell cultivation (fibroblasts) with amorphous
carbon coated and control samples the cell cytology,
morphology and vital capacity were determined after
24h and 3 days cultivation. Rat hypodermic cellular
tissue was extracted to obtain an initial fibroblast
culture. The suspension of extracted cells was
centrifuged at 750 r.p.m. for 15 min. The cell density
was 3x10°cells/ml. The seeded area was 0.5 cm?. The
fibroblasts were cultivated as a monolayer in 3 ml of
Dulbecco Modified Eagle’s Medium (DMEM, Sigma)
at thermostat condition (37°C) for 5days. The cells
were stained by hematoxylin and eosin for further
characterization of structural organization of cultured
cells on coated and uncoated substrates. Cell structure
and morphology were analyzed by optical microscopy
(Micros-50). The experiments were run in triplicate.
Cell viability was tested on amorphous carbon based
coatings at different concentrations of nitrogen
substrates. The qualitative and quantitative analysis
were made. The number of detached cells was
determined by quantitative assessment. Statistical
processing of experimental results using the software
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package with a preliminary estimation of the normal
distribution was conducted. Statistically significant
differences were determined at a significance level P>
0.05.

2. RESULTS AND DISCUSSION

The surface topography and morphology of
deposited coatings were observed by AFM (Fig. 1)
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Fig. 1. The surface topography of the of the amorphous
carbon based coatings by AFM

The coatings are characterized with respect to their
bonding  structure at different  stoichiometric
compositions by photoelectron spectroscopy (XPS)
analysis. The ratio of sp®/sp* carbon atoms is one of the
most important factors governing the quality of the
amorphous carbon based coatings. The fittings for the
samples deposited at the different concentration of
nitrogen are presented in Fig. 2. The first peak (see
Fig. 2,a) is found at 284.5 eV and corresponds to sp?
carbon atoms, while the second at 285.4 eV corresponds
to sp® carbon atoms. A third peak of much smaller
intensity at 286.8 eV has also been added and is
attributed to some C-O contamination formed at the
surface of the samples due to air exposure.
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Fig. 2. Deconvolution of the XPS C 1s peaks and
surface atomic concentrations of the amorphous carbon
based coatings deposited at different nitrogen
concentrations a) N, : C;Hg10:90; b) N, : C;Hg25:75

From the deconvoluted spectra, the sp® content in the
films is evaluated. The binding energy values found for
the sp? and sp® components of the amorphous carbon
based coatings C 1s spectra are consistent with the
binding energies of 284.4 and 285.2 eV detected for C
1s peaks of standard graphite and diamond XPS spectra
[8, 9]. The analysis of the C 1s peak is a direct method
to evaluate the sp* content in amorphous carbon based
coatings at different concentration of nitrogen. The
surface atomic concentrations of the amorphous carbon
based coatings deposited at different nitrogen
concentrations are presented in Table 1.

Table 1. Surface atomic concentrations of the
amorphous carbon based coatings deposited at different
nitrogen concentrations: N, : C;Hg10:90, N, : C;Hg

25:75
NR_ago;_' Surface Atomic concentrations, at.%
22T 1 O1s O1s/C1s
10:90 89 11 0.12
25115 87 13 0.15

The values of surface free energy were calculated
according to Robertson equation [10] from water
contact angle measurements at 20°C (Table 2).
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Table 2. The values of water contact angle and surface
free energy of the amorphous carbon based coatings
deposited at different nitrogen concentrations

Ratio: Water contact angle, | Surface free energy
N, : C;Hg 0 (mN/m)
10:90 76.7 89.62
15:85 80.1 85.38
20:80 88.3 75.02
25:75 89.7 73.24
The modification of coatings properties by

changing plasma chemistry by adding nitrogen into the
plasma mixture in the ratio N,:C,;Hg 10:90, 15:85, 20:80,
25:75 leads to distilled water contact angles varying in
the range of 77...88° and SFE parameters in the range
0f90...70 mN/m,  respectively.  Furthermore, an
additional nitrogen concentration leads to an increase of
contact angles and decrease of surface free energy.
Generally, the obtained results show that the surface
properties are strongly influenced by the coating's
deposition conditions and a combination of deposition

parameters with optimized plasma chemistry allows to
tailor surface free energy parameters.

Cell cytotoxicity was estimated during in vitro tests.
After 3 days immersion in DMEM culture medium
fibroblast cells were well-spread on all substrates. The
cell structural organization corresponded to that of the
initial fibroblast with strongly expressed phenotype. The
meaningful differences in cell viability on substrate
surfaces were observed. The maximal number of
detached cells after 3 days cultivation demonstrate
coatings with maximal ratio N,:C;Hg composition in
comparison with control samples (Table 3).

The data demonstrate that cell adhesive potential and
phenotypical characteristics were different on the amorphous
carbon based coatings at nitrogen concentration varying.

The best results were obtained in the case of coatings
with the minimum values of distilled water contact angle
and the greater parameters of SFE with the ratio N,:C;Hg
10:90 and 15:85. The deposition process controlling
allows to control the surface chemistry and wettability
of amorphous carbon based coatings and the next
biological response.

Table 3. The total and detached cells number on control and coated glass substrates after 3 days cultivation

Samples Number of cells after 3 days staying in fibroblast culture
Total cells number Detached cells number

Glass substrate (control) | 3.77x10%+2.97x10° 3.06x10%+3.15 x10°
P,>0.05 8%

N, : C;H5 10:90 3.96x10%+ 3.57 x10° 3.45x10°+3.17 x10°
P,> 0,05 8.7%

N, : C;Hg 15:85 3.85x10%+2.94x10° 3.65x10°+2.82x10°
P> 0,05 9%

N, : C;Hg20:80 3.72x10%+3.24x10° 3.98x10°+3.68x10°
P,>0.05 10.6%

N, : C;Hg 25:75 3.88x107+3.49x103 4.46x10°+3.83x10°
P,>0.05 11.5%

CONCLUSIONS

The results show that the surface properties of
deposited coatings are strongly influenced by the
deposition conditions. The properties, and subsequently
the quality of the amorphous carbon based coatings,
strongly depend on their microstructure, which is
commonly considered as an amorphous mixture of sp?
and sp® carbon atoms. The analysis of the X-ray
photoelectron spectra of the C 1s core level of
amorphous carbon based coatings, obtained at different
concentration of nitrogen is presented. These spectra are
deconvoluted into two different contributions, at 284.5
and 285.4 eV, which are respectively attributed to sp?
and sp® carbon atoms. The in vitro tests demonstrate the
good biocompatibility of amorphous carbon based
coatings. The additional nitrogen concentration leads to
an increase of contact angles and decrease of surface
free energy. Replacing the surface bounds with nitrogen
by plasma treatment results in shear of surface
parameters at more hydrophobic region. The best
biological response parameters (cell number, viability,
cell morphology) were obtained in the case of
amorphous carbon based coatings with the most
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parameters of SFE. The possibility of controlled cell
adhesion on the material surfaces may propose novel
methods of surface modifications for further tissue
engineering applications.
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IN VITRO BUOCOBMECTUMOCTb AMOP®HBIX YIJIEBOJAOPOJAHBIX MOKPBITUI TP
BAPBUPOBAHUUN NOBEPXHOCTHOU XUMHUHN U KOHHEHTPAIIUU A30TA

B. Jlykvanuenxo, H. /lonkos, A. 3vikosa, B. Caghonos, K. Mupownuuenko

PaccmarpuBaeTcst BiIMsHAE NMOBEPXHOCTHOH XMMHHM W CMadyMBacMOCTH Ha KIICTOYHYIO aiaresuro in Vitro mis
aMOpP(HBIX YIIEBOMOPOIHBIX MOKPBITHH, COAEPKALIMX Pa3IMIHbIe KOHIEHTpanuu a3zora. CTpyKTypa IOBEpXHOCTH
MOKPBITUH HCCIIe0BANaCh METOJaMM CKaHMUPYIOIIEH 3JeKTPOHHOM M aTOMHO-CHJIOBOM MHUKPOCKONHHU. DHEPrHU
CBSI3W OBUIM XapaKTepH30BaHbI METOAOM (DOTOIIEKTPOHHOW crieKTpockonud. CMauMBaeMOCTh IOBEPXHOCTH
AHAIM3UPOBAIACh METOJOM KOHTAaKTHOI'O yIja, d MOBEPXHOCTHAs JHEPTUs PACCUUTHIBAIACH COINIACHO YPABHECHHUIO
PoGeprcona. bruocoBMecTHMOCTh OLIEeHHBAIACH 110 CTAHJAPTHBIM MeTouKaM. Jlydniie napaMeTpsl ObLIM HOTYUYESHBI
JUISl TIOKPBITHI ¢ HAaKOOJIBLIIMMU 3HAYEHUSMH [TOBEPXHOCTHOM SHEPTUM U MUHUMaIIbHBIM cooTHotIeHneM N: C;Hs.

IN VITRO BIOCYMICHICTb AMOP®HMX BYTIJIEBOJJHUX ITOKPUTTIB ITIPU BAPIFOBAHHI
IOBEPXHEBOI XIMII TA KOHIEHTPAIIII A30TY

B. Jlyk'anuenko, M. /lonxos, A. 3uxoea, B. Caghonos, K. Mipownuuenxo

JocmimpkeHo BIUTMB IOBEPXHEBOI XiMii Ta 3MOYYBaHHA Ha KIITHHHY aAre3it0 in vitro s aMopgHHX
BYTJICBOJAHUX MOKPHUTTIB, IO MAIOTh Pi3HI KOHIEHTpAIil a30Ty. CTpyKTypa MOBEpXHi MOKPUTTIB Oyia DOCIHiIKeHa
METOJIJaMH CKaHYIO4Ol EeJEeKTPOHHOI Ta aTOMHO-CIOBOI Mikpockomii. Eneprii 3B'si3ky Oynu XapakTepu3oBaHi
METOOM (POTOENEKTPOHHOT CHEKTPOCKOMii. 3MOUyBaHHs MMOBEPXHI OyJIO MPOAHATI30BAaHO METOJOM KOHTAKTHOTO
KyTa, a MOBEPXHEBa EHEpris po3paxoByBajlach 3rifHO 3 pIBHSHHAM PobGeprcona. biocyMicHicTh oOliHIOBanacs
3riIHO 3 CTaHAapTHUMH MeToaukamu. Halikpamii napamerpu Oyiau OTpHMaHi AJisl MOKPUTTIB 3 HaHOIIBLIMMHU
3HAYCHHSIMH IMOBEPXHEBOT eHepril Ta HalMeHIuM criBBigHomenHsM N, : C;Hg.
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