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Abstract The application of diamond-like carbon (DLC)
coatings on the contacts of mechanical systems is becom-
ing widespread thanks to their excellent tribological prop-
erties. Numerous studies of DLC coatings have been
reported over the past decade and, as a result, the under-
standing of their lubrication has improved. The tribological
properties of boundary-lubricated contacts are drastically
affected by adsorbed layers; however, due to the variety of
lubricant additives and coating structures, no general
adsorption mechanisms for DLC coatings have been put
forward until now. This has, unfortunately, hindered
improvements in their lubrication performance. Many of
the essential physical properties of the adsorbed layers also
remain undefined. In this work, we used neutron reflec-
tometry to determine the thickness and the density of the
adsorbed layers of fatty acid molecules on coatings of a-C,
a-C:H, a-C:H:F and a-C:H:Si. The results showed that a
0.9-nm-thick layer adsorbed onto the a-C and a-C:H
coatings. In contrast, both doped coatings, i.e. the a-C:H:F
and a-C:H:Si, showed a poorer adsorption ability towards
the fatty acid molecules than the a-C and a-C:H. Contin-
uous adsorption layers were not detected on the a-C:H:F
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and a-C:H:Si; however, the possibility of adsorption in
lower quantities cannot be ruled out.
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1 Introduction

The contacts of mechanical systems are subject to friction
and wear, which result in energy loss, reduced functionality
and increased maintenance costs. The application of dia-
mond-like carbon (DLC) coatings, which are known for
their very low-friction and exceptional anti-wear properties
[1-3], can reduce energy losses and extend the lifetime of
contacting surfaces. The low-friction properties of DLC
coatings are assumed to originate partly from their chem-
ical stability and general non-reactivity towards the sur-
rounding molecules [4]. However, limited interactions with
surrounding molecules hinder the possibility of improving
the lubrication performance of DLC. Nevertheless, it has
been shown that DLC coatings can interact with the sur-
rounding environmental or lubricant molecules, especially
under tribocontact conditions, which generally enhance the
chemical reactions. The tribochemical reactions of DLC
were observed in several cases, from interactions with
simple gaseous species [4—7] and water molecules [8, 9] to
more complex additives, like ZDDP and MoDTC [10-12].
Generally accepted mechanisms for the interactions with
basic molecules and their functional parts such as hydroxyl
and carboxyl groups, which are present in oils and addi-
tives and are known to improve the tribological properties
of steel [13—-16], have not yet been established. Deter-
mining the nature of these mechanisms represents an
experimental challenge, which is only increased by the
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variety of the tribological effects that occur in the contacts
and the complexity of the structure of most additives. A
thorough understanding of the lubrication mechanisms of
DLC coatings can be the foundation for engineering
improvements in lubrication efficiency, by adapting the
formulated lubricants and coatings to achieve an optimum
lubrication performance.

Hydrogen is known to affect the friction of DLC coat-
ings by reacting with the surface dangling bonds and cre-
ating a passive H-terminated surface layer, which prevents
strong adhesion bonds from forming between the contact-
ing surfaces, and therefore enables low friction [4-7]. It
was also shown that water molecules can tribochemically
react with DLC, whereby the hydroxyl groups form on the
surface, causing OH termination, which provides protec-
tion from the adhesion bonds [8, 9]. OH termination was
also observed on ta-C surfaces when either glycerol or
glycerol-mono-oleate (GMO) molecules were present in
the lubricant under boundary lubrication conditions [17,
18]. The hydroxyl groups from the glycerol and the GMO
were assumed to interact with the friction-activated ta-C
surfaces causing OH termination. It has been suggested that
surface hydroxylation enables the intercalation of the sur-
rounding alcohol molecules, which adsorb onto the surface
OH groups via hydrogen bonding and thus help decrease
the friction. An enhancing effect of alcohols on the tribo-
logical properties of DLC coatings was also reported in
other studies [17-19], and some adsorption mechanisms for
alcohols and hydroxyl-containing molecules have been
proposed [18-21]. In addition, we have shown in our pre-
vious studies that an indisputable correlation exists
between the tribological performance and the adsorption
ability of the coatings [19, 22]. Adsorption ability also
seems to be related to the surface polarity, which was
suggested to play an important role in tailoring the wetting
properties and the related tribochemical interactions of
DLC coatings [23]. Due to the specificity of the compounds
and the challenges in experimental investigations, the
application of the suggested adsorption mechanisms is not
universal. In addition, little is known about the strength of
the adsorption, the conditions under which adsorption
occurs, which polar molecules are better at adsorbing, or
about the physical properties of the adsorbed layers, such
as the thickness and the density, which crucially affect the
tribological properties of DLC coatings.

A suitable technique with sub-nanoscale precision for
examining such solid-liquid interfaces is neutron reflec-
tometry (NR), which is used for the detection and exami-
nation of adsorbed layers on metal surfaces [24]. Neutrons
do not interact with electrons but with atomic nuclei and
are therefore able to penetrate deep into the material
without affecting its chemistry and physical properties.
Neutrons are scattered by light atoms such as hydrogen and
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carbon, which makes them convenient for the analysis of
the interfaces between the hydrocarbon lubricants and the
hard carbon coatings. Since deuterium can be distinguished
from hydrogen, the deuterium substitution of hydrogen in
molecules can be used for labelling and distinguishing
these molecules from the non-deuterated ones. Neutrons
scattered in the layered materials provide information
about the physical properties of the layers, like the thick-
ness and the density.

We used NR to determine the thickness and the density
of the adsorbed layers on DLC coatings. The adsorption of
alcohols on various DLC surfaces was investigated in a
previous study [25]; however, in this work, we examined
the fatty acid adsorption on various DLC coatings, because
fatty acids are proven to improve the boundary lubrication
of steel and DLC [22] and were shown to be even more
effective than alcohols [13, 26]. We focused on the
adsorption of fatty acids on a-C, a-C:H, a-C:H:F and
a-C:H:Si coatings. The a-C and a-C:H were selected to
examine the effect of hydrogen on the adsorption ability of
the coatings. Doping of the a-C:H was chosen to alter the
reactivity of the coating, making it either less reactive in
case of F-doped DLC [27] or more reactive in case of Si-
doped and oxidized DLC coating [23, 28, 29]. The results
of the current study give direct evidence for how the var-
ious coating structures and types of doping elements affect
the carboxylic group adsorption and provide some insight
into the DLC boundary lubrication mechanisms, which
supports the improvements in the tribological performance
of DLC coatings.

2 Experimental
2.1 Samples

The substrates for the coating deposition were ultra-flat
silicon blocks, 50 x 50 x 10 mm° in size, with one side
polished to a surface roughness of R, = 0.3 nm (Yama-
naka Semiconductor Co., Japan). Four types of DLC
coatings (a-C, a-C:H, a-C:H:F, a-C:H:Si) were deposited
on the polished side of the blocks. The a-C coating was
deposited using DC magnetron sputtering with Ar as a
sputtering gas at a pressure of 1.3 Pa. The a-C:H coating
was deposited using a 13.56-MHz radio frequency plasma-
assisted CVD (RF PACVD) process and was a typical non-
doped, hydrogenated, amorphous DLC coating with a
H-content of 32 at.% and a sp’/(sp’ + sp®) ratio of
35-40 %. The F-doped coating was deposited in a similar
way as the a-C:H, with fluorine being added in the gas
phase. The obtained coating contained 6.5 at.% of F at the
surface. The Si-doped DLC was a variant of the F-doped
DLC coating, with Si being used instead of F in the gas
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Table 1 Composition, thickness and surface roughness R, of the
coatings

Coating C H F Si Thickness R, (AFM)
(at.%) (at.%) (at.%) (at.%) (nm) (nm)

a-C >99 / / / ~40 1.5

a-C:H 68 32 / / ~53 2.1

a-C:H:F 72 21 6.5 / ~53 2.1

a-C:H:Si  58.5 37 / 2.5 ~53 1.5

Table 2 Properties of the base oil and the additive

PAO6 d-Hexadecanoic
acid
Chemical formula C10H21—(C10H20)n—H C15D31COOH
Density p (at 25 °C) 0.828 0.954
(g/cm3)
Scattering length —0.37 x 107° 641 x 107°

density Nb (Afz)

phase. The a-C:H:Si coating contained 2.5 at.% of Si at the
surface. The elemental composition, the thickness and the
final surface roughness measured with the AFM of the
coatings are listed in Table 1. The samples were not
exposed to any solvent (e.g. for cleaning) prior to the
experiment, to avoid any contamination and passivation of
the surfaces with the cleaning solvents. Any dust particles
that may have been present on the surface were removed by
a stream of dry air.

2.2 Liquids

High-purity, deuterated, hexadecanoic acid (98 at.% D,
Sigma-Aldrich Co., LLC.) was used as a surface-active
agent to study the reaction of the DLC coatings with the
carboxyl end-groups that are commonly present in various
additives. The hexadecanoic acid was dissolved in PAO6
oil (Neste Oil, Espoo, Finland) in a concentration of
20 mmol/l, which corresponds to a mass concentration of
0.69 wt%. Deuterium-substituted fatty acid molecules were
used to distinguish the adsorbed additive layer from the rest
of the solution. Bulk deuterated hexadecanoic acid has a
very different scattering length density (SLD) for neutrons
than non-deuterated hydrocarbon like PAO oil (see
Table 2). The SLD is the product of the atomic density
N times the characteristic scattering length for each ele-
ment b and is therefore usually denoted by the product Nb.

2.3 Neutron Reflectometer
The neutron reflectometer was the Apparatus for Multi-

Option Reflectometry (AMOR), which is located at the
continuous spallation neutron source (SINQ) at the Paul

Incident

Reflected
neutron

Fig. 1 Specular reflection of a neutron beam

Scherrer Institute (PSI) in Switzerland. The AMOR is an
energy-dispersive reflectometer that operates in a neutron
wavelength range of 3.5 A <2 <12 A with a time-of-
fight (TOF) detection mode. At the instrument position, the
continuous neutron beam is pulsed using two choppers. A
set of three slits was used to obtain the beam footprint of
approximately 40 x 40 mm? on the sample’s surface. Two
slits were used to select only the specular reflection of the
reflected neutron beam at an angle 26 with respect to the
incident beam. The sample reflectivity was calculated as
the ratio of the reflected to incident beam intensities.
Reflectivity in the graphs is presented as a function of the
momentum transfer vector ¢, the length of which is equal
to g, = (4m/A) sinf. A schematic image of the specular

reflection and the momentum transfer vector ¢ is presented
in Fig. 1. Since AMOR is an energy-dispersive reflec-
tometer, measurements at two incident angles (i.e.
0 = 0.5° and 1.3°) were needed to obtain the reflectivity in
the range 0.01 Al < q. < 0.07 AL

2.4 Procedure

To obtain the thickness and the density of the adsorbed
layers, the following experimental procedure was per-
formed, as shown in Fig. 2. First, each sample was
mounted on a sample holder, and pure PAO oil was
introduced into the holder. Special care was taken to dis-
place all the air bubbles. A reflectivity profile was obtained
for the DLC-PAO interface in order to reveal the coating
thickness and the vertical distribution of the SLD. In the
second step, the pure PAO oil was exchanged for the
hexadecanoic acid and the PAO solution. The measurement
was taken approximately 6 h after the time the exchange
was made, to allow the fatty acid to adsorb onto the DLC.
In the event that an adsorption layer was formed, the
reflectivity profile was expected to shift with respect to the
reflectivity profile from the first step. After obtaining the
results, the reflectivity profiles were analysed and fitted
using a theoretical model based on the Parratt formalism
[30]. The measurement resolution was Ag./q, = 0.03, and
this was taken into account during the data fitting.
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Step 1: In base oil
Silicon block

PAO oil

Step 2: In base oil + additive
Silicon block

DLC

\ additive

molecules

PAO oil + additive

Fig. 2 Experimental procedure for studying the adsorption layers
using neutron reflectometry. The reflectivity from the sample surface
in the PAO was measured first. Then, after exchanging the PAO for a
solution of PAO and the additive, the reflectivity was obtained again
to check for changes due to the formation of adsorbed layers

The results of the analysis are given in the graphs as the
reflectivity profiles for each coating. The horizontal axis of
the graphs corresponds to the length of the momentum
transfer vector ¢,. The reflectivity on the vertical axis
corresponds to the reflected beam intensity, normalized to
the incident beam intensity and scaled to 1. The reflectivity
profiles presented in the graphs for the second step are
offset by one order of magnitude along the y-axis to make it
easier to distinguish the individual reflectivity profiles. The
optimum fitting curves based on the Parratt formalism are
also presented for each measurement. To obtain the opti-
mum fit, the interfacial roughness had to be considered.
This was done by assuming that the SLD gradient at a
given interface follows a Gaussian distribution with stan-
dard deviation o. It should be noted that the surface
roughness, the uneven layer thickness and the interface
gradient affect the reflectivity in a similar way and there-
fore cannot be distinguished individually in the scattering
data.

3 Results
3.1 a-C Coating

Figure 3a presents the reflectivity profiles for the a-C
coating. Fitting the data obtained in pure PAO revealed the
thickness of the coating to be 40.8 nm, Fig. 3b. The SLD,
which was assumed to be constant over the thickness of the
coating, was calculated to be 5.1 x 10~° A=2. The inter-
facial roughness was estimated to be ¢ = 1.5 nm at the
coating/substrate interface and ¢ = 1.4 nm at the coating
surface. When the a-C surface was exposed to the hexa-
decanoic acid solution, the reflectivity profile shifted
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Fig. 3 a Neutron reflectometry profiles for the a-C coating. Data
obtained in PAO + COOH is scaled by one order of magnitude for
clarity. Black lines represent fitting of the data, and black triangles
mark the local minima of the fitting curve. b Schematic layer structure
and Nb profile for the a-C coating in PAO + hexadecanoic acid,
extracted from fitting the NR data

towards lower ¢, values, resulting in narrower fringes,
Fig. 3a. The fitting of the data revealed that a 0.9-nm-thick
layer with a SLD of 2.2 x 107° A~2 had formed on the
surface, Fig. 3b. Since the SLD value of the bulk d-hexa-
decanoic acid is around 6.4 x 107 Afz, the density of the
layer was calculated to be about 35 % of the density of the
bulk hexadecanoic acid. The thickness of the detected layer
was lower than the length of the hexadecanoic acid mole-
cule, which is around 2.5 nm. The adsorbed molecules
were thus assumed to be arranged at an angle to the sur-
face, as suggested in Fig. 3b.

3.2 a-C:H Coating

The reflectivity profiles obtained for the a-C:H coating are
presented in Fig. 4a. Fitting of the data obtained in the
PAO revealed a 54.2-nm-thick coating, where the SLD was
estimated to be 4.3 x 107° A™2 and constant over the
whole thickness of the coating, Fig. 4b. The SLD of the
a-C:H was lower compared to the a-C, which is mainly due
to the increased incoherent scattering from the coating
because of the hydrogen content. The fitting revealed a
roughness of ¢ = 4.4 nm at the substrate/coating interface
and ¢ = 1.6 nm at the coating surface. The slightly larger
interface roughness compared to the a-C coating caused the
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Fig. 4 a Neutron reflectometry profiles for the a-C:H coating. Data
obtained in PAO 4+ COOH are scaled by one order of magnitude for
clarity. Black lines represent fitting of the data, and black triangles
mark the local minima of the fitting curve. b Schematic layer structure
and Nb profile for the a-C:H coating in PAO + hexadecanoic acid,
extracted from fitting the NR data

intensity of the reflectivity fringes to attenuate faster
towards increasing g, values. When the PAO was
exchanged for the PAO + hexadecanoic acid solution, the
fringes became narrower, shifting the reflectivity profile
towards lower g, values, Fig. 4a. The fitting of the data
showed that hexadecanoic acid formed a 0.9-nm-thick
adsorbed layer on the a-C:H surface, Fig. 4b. The SLD of
the layer was estimated to be 3.2 x 107° A2, indicating
that the density of the layer was approximately 50 % of the
bulk density.

3.3 a-C:H:F Coating

The reflectivity profiles obtained for the a-C:H:F coating are
presented in Fig. 5a. The fitting revealed a 53.5-nm-thick
coating. This coating appeared to consist of two layers that
were joined by a gradient transition, Fig. 5b. The first layer
on the substrate was 17.3 nm thick with a SLD of
422 x 107° A2, The second, topmost layer was 36.2 nm
thick with a SLD of 5.2 x 107® A~2. The gradient between
the two layers was estimated to have a ¢ of about 9.0 nm.
The SLD of the first layer therefore resembles the SLD of
the a-C:H. The somewhat faster attenuation of the reflec-
tivity fringes towards higher g, values may again be due to
the relatively greater roughness of ¢ = 5.0 nm at the

Fig. 5 a Neutron reflectometry profiles for the a-C:H:F coating. Data
obtained in PAO 4+ COOH are scaled by one order of magnitude for
clarity. Black lines represent fitting of the data, and black triangles
mark the local minima of the fitting curve. b Schematic layer structure
and Nb profile for the a-C:H:F coating in PAO + hexadecanoic acid,
extracted from fitting the NR data

substrate/coating interface and ¢ = 1.6 nm at the coating
surface. Exchanging the PAO for the PAO + hexadecanoic
acid solution resulted in no changes to the reflectivity pro-
file, Fig. 5a. This suggests that hexadecanoic acid mole-
cules did not form a continuous adsorbed layer on the
surface of the a-C:H:F, as presented in Fig. 5b.

3.4 a-C:H:Si Coating

The reflectivity profiles obtained for the a-C:H:Si coating
are presented in Fig. 6a. The a-C:H:Si coating exhibited a
gradient structure and a relatively thick diffusion zone at
the substrate/coating interface, Fig. 6b. The fitting revealed
that the coating is composed of two layers joined by a
gradient transition, similar to the a-C:H:F. The first layer of
the coating was around 5.0 nm thick with a SLD of
41 x 107 A‘z, which is close to pure a-C:H. The second,
topmost, layer was 47.8 nm thick with a SLD of
3.4 x 107° A™2 The gradient between the two layers had
o = 2.1 nm. Therefore, the total thickness of both layers
was 52.8 nm, which is similar to the a-C:H and the
a-C:H:F. The roughness on the surface of the coating was
estimated to be ¢ = 1.1 nm. A diffusion zone with a
thickness of 27 nm was considered at the substrate/coating
interface, which occurred due to the nature of the bonding
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Fig. 6 a Neutron reflectometry profiles for the a-C:H:Si coating.
Data obtained in PAO 4+ COOH are scaled by one order of magnitude
for clarity. Black lines represent fitting of the data, and black triangles
mark the local minima of the fitting curve. b Schematic layer structure
and Nb profile for the a-C:H:Si coating in PAO + hexadecanoic acid,
extracted from fitting the NR data

between the silicon substrate and the a-C:H:Si coating. The
optimum fit was achieved by splitting the diffusion zone
into two layers to obtain a gradual decrease in the SLD
from the coating to the bulk substrate, Fig. 6b. The diffu-
sion layer closest to the substrate/coating interface had a
SLD of 3.2 x 10~ A2 and a thickness of 20.3 nm, while
the bottom interlayer had a SLD of 2.8 x 107° A2 and a
thickness of 6.6 nm. The SLD value of the silicon block
was 2.1 x 107° A7 The gradients between these layers
were in the range 2.8—4.0 nm to smooth out the layered
model, Fig. 6b. When the PAO was exchanged for the
hexadecanoic acid solution, the reflectivity profile
remained generally unchanged. Only a slight shift towards
lower g, values was observed with some of the data points;
however, the fitting of the reflectivity profile revealed no
adsorbed layers on the a-C:H:Si surface, Fig 6b.

4 Discussion
4.1 a-C Coating
The results show that the hexadecanoic acid molecules

adsorbed onto the surface of the a-C coating in static
conditions form a relatively thin, 0.9-nm adsorbed layer.
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The density of the layer was estimated to be roughly one-
third of the density of the bulk hexadecanoic acid. Since
neutron reflectometry does not provide information about
the chemical structure of the adsorbed film, we cannot
state, based on these results, whether this layer was
chemisorbed or physisorbed. Nevertheless, this coating
proved to promote adsorption. One of the reasons for this
high reactivity could be the lack of hydrogen during the
deposition process, meaning that the surface dangling
bonds could not be passivated by the hydrogen that would
otherwise make the coating less reactive. If the surface
dangling bonds were not passivated by environmental
species during the time of the experiment, the hexadeca-
noic acid most probably could be chemisorbed to the
dangling bonds of the surface carbon atoms. On the other
hand, surface dangling bonds might also become passiv-
ated by the time of the experiment due to the exposure to
environmental molecules. In this case, the hexadecanoic
acid could most probably be physisorbed by hydrogen
bonding to the surface oxides and hydroxides.

4.2 a-C:H Coating

The results show that an adsorption layer of the same
thickness as on the a-C also formed on the a-C:H. Although
the detected adsorbed layer on the a-C:H was slightly more
dense than the layer on the a-C, it seems that the a-C and
a-C:H both have a relatively similar and rather good
adsorption ability towards fatty acid molecules. Although
hydrogenation usually decreases the reactivity of the
coating, the results of this study suggest that the incorpo-
ration of hydrogen into the coating did not substantially
affect the coating’s adsorption ability towards hexadeca-
noic acid. This differs from the results of our previous
study on similar coatings, where hydrogenation decreased
the adsorption ability towards hexadecanol molecules [25].
In that study hexadecanol formed adsorbed layers only on
the a-C and not on the a-C:H. This difference between fatty
acids and alcohols can be explained by the higher polarity
of the fatty acids compared to the corresponding alcohols,
which results in a better adsorption ability of the fatty acids
compared to the alcohols. This has already been shown
with a-C:H coatings, where fatty acids proved to be better
at adsorbing than the corresponding alcohols [26]. The
results of the current study therefore suggest that the
polarity of the fatty acids was sufficient to cause relatively
similar adsorption onto the non-hydrogenated a-C coating
and the hydrogen-containing a-C:H.

4.3 a-C:H:F Coating

The results show no adsorption layers of hexadecanol on
the surface of the a-C:H:F coating. This result does not
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suggest the complete absence of adsorption on the a-C:H:F,
but rather that a continuous layer was not formed. We have
to note that the NR profile was obtained by neutron scat-
tering from a surface area of approximately 40 x 40 mm?,
and the result actually represents an average reflectivity
profile for the whole illuminated sample volume. In the
case that adsorption appeared on a small fraction of the
sample’s surface, the reflectivity profile might remain
unaltered. This means that adsorption in small quantities is
a possibility. Therefore, the incorporation of fluorine into
the DLC coating did not increase, but rather decreased the
adsorption ability of the coating. This result is in agreement
with the results of a recent study [23] where the polar
component of the surface energy for a-C:H:F was much
lower compared to all the other, doped and non-doped,
DLC coatings. This indicates the extremely low reactivity
of the a-C:H:F towards the adsorption of polar molecules.
It has also been shown in the case of glycine, which con-
tains a carboxylic group at one end, that low F-doping may
increase the adsorption of glycine, while increased doping
levels lead to reduced adsorption compared to non-doped
DLC [31]. Our results therefore agree with previous
observations and strengthen the finding that fluorine doping
decreases the ability of DLC towards the adsorption of
carboxylic end-groups.

4.4 a-C:H:Si Coating

A detailed look at the measured raw NR data revealed a
minor shift of some data points in the reflectivity profile of
the a-C:H:Si coating when hexadecanoic acid was intro-
duced. However, these changes were small, so that by fit-
ting the NR data, the formation of an adsorbed layer on the
a-C:H:Si could not be resolved. Doping of the DLC with Si
therefore appeared to decrease the adsorption ability
towards hexadecanoic acid compared to the non-doped
a-C:H. However, this is contrary to what the surface
energies of the coatings suggest. The a-C:H:Si possesses a
higher polar component of surface energy, and therefore, a
higher susceptibility towards polar molecule adsorption
compared to the a-C:H [23]. Moreover, the a-C:H:Si
proved to allow better adsorption of molecules with
hydroxyl end-groups compared to the pure a-C:H [25, 32].
Therefore, by considering the small changes in the reflec-
tivity in the present case and for previously reported
results, it is reasonable to assume that some fatty acid
molecules may still adsorb onto the a-C:H:Si, but their
quantity was too low to form a continuous layer and be
detected with the NR. Moreover, it was also shown in a
recent study that the concentration of Si-dopant affects the
adsorption ability of glycine (highly polar with a carbox-
ylic end-group) on Si-doped DLC coatings and can, with
increasing Si-concentrations, also decrease the glycine

adsorption [33]. Therefore, the adsorption of fatty acid to
Si-based DLC is proven to be highly feasible, but very
sensitive to various factors, among which is the level of
doping. Accordingly, in this study, in spite of the expected
improved adsorption of fatty acid onto the a-C:H:Si coat-
ing, an inappropriate or non-optimized Si-concentration
can be the reason for its lower adsorption compared to the
non-doped a-C:H coating.

5 Conclusions

1. A relatively dense and thin adsorbed film of hexa-
decanoic acid formed on the surface of the non-
hydrogenated a-C coating.

2. An adsorption layer of similar thickness as on the a-C
also formed on the a-C:H.

3. The incorporation of F into the a-C:H coating
decreased the ability of the DLC with respect to fatty
acid adsorption, which agrees well with the low polar
component of the surface energy of the a-C:H:F, and
previous results.

4. The incorporation of Si decreased the ability of the
DLC coating to adsorb fatty acid molecules, which
contrasts with its higher polar component of surface
energy compared to the non-doped a-C:H and also to
our previous results with alcohol adsorption. The
reason for the lower adsorption ability of the a-C:H:Si
towards fatty acid compared to the non-doped a-C:H
coating in this study may be attributed to the inappro-
priate or non-optimized Si-concentration in the DLC.

5. The absence of continuous adsorbed layers on the
a-C:H:F and a-C:H:Si does not exclude adsorption, since
the quantity and arrangement of the adsorbed molecules
could be below the detection ability of the NR. Both
doped coatings (a-C:H:F and a-C:H:Si) showed a poorer
adsorption ability with respect to fatty acid molecules
compared to the non-doped a-C and a-C:H.
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