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Introduction

Titanium (Ti) implants are widely used in dental and
orthopedic applications due to their mechanical strength
and biocompatibility (1). However, despite these
advantages, the bioinert nature of Ti often hinders optimal
tissue integration, leading to potential complications such
as bacterial infections and implant failures (2, 3). One
of the most significant challenges is the formation of
biofilms on implant surfaces, which can cause persistent
infections and complicate treatment outcomes (4-7).
Recent advancements in nanomaterial coatings,
particularly 2D materials like graphene and transition
metal dichalcogenides such as molybdenum disulfide
(MoS,), have shown promise in addressing these issues
(8-11). These materials exhibit antibacterial properties
through various mechanisms, including physical
disruption of microbial cell membranes, oxidative stress
induced by reactive oxygen species (ROS), and
photothermal effects under near-infrared (NIR) light (7,
12-15). MoS;, in particular, has garnered attention for its
high NIR absorption and efficient photothermal
conversion, making it a strong candidate for enhancing
the antibacterial properties of Ti implants (16-18),

However, applying MoS, coatings on Ti implants
presents several challenges. Traditional methods such as
spin-coating,  chemical  vapor  deposition, and
hydrothermal synthesis often result in inconsistent coating
thicknesses and poor adhesion, undermining the
long-term effectiveness of the implants (19-22). Ensuring
durable and robust adhesion of MoS, to Ti substrates
is, therefore, a critical objective,

Polymers like polydopamine (PDA), chitosan,
polyurethanes (PU), poly(methacrylic acid) (PMMA), and
poly(ethylene glycol) (PEG) have been explored for their
potential to inhibit bacterial adhesion (23-26). Among
these, PDA, inspired by the adhesive proteins of mussels,

can adhere to nearly all solid surfaces through its catechol
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groups, Its ability to bind with metal ions, combined with
its biocompatibility and biodegradability, makes it an
excellent candidate for surface modification of Ti implants
(27). Notably, PDA coating on Ti significantly improves
corrosion  resistance, hydrophilicity and bioactivity,
promoting better cell adhesion and growth (28).
Moreover, PDA on the surface of MoS; has been shown
to enhance biocompatibility and photothermal properties
(29).

Research has highlighted significant differences in
photocurrent generation and Schottky barrier height
between graphene/MoS, and Ti/MoS; interfaces (30).
Specifically, the Schottky barrier at the Ti/MoS, interface
is higher than at the graphene/MoS, interface, affecting
charge transfer efficiency, Lowering the Schottky barrier
can enhance charge transfer, which is beneficial for
photothermal and photodynamic dental treatments by
improving photothermal conversion and increasing the
generation of reactive oxygen species (ROS). PDA
possesses an exceptional photothermal conversion
efficiency of about 40% (31). Therefore, it is hypothesized
that introducing PDA between Ti and MoS, could modulate
the work function and lower the Schottky barrier, thereby
potentially improving the electronic properties and
making the Ti/PDA/MoS, system more efficient for various
applications, including dental treatments,

In this study, we investigate the effectiveness of
combining MoS, and PDA coatings on Ti implants, We
compare the biocompatibility and stability of MoS;,
coatings applied directly to Ti surfaces with those
pre-treated with PDA, Extensive characterization of these
coatings was conducted using X-ray diffraction (XRD),
X-ray  photoelectron  spectroscopy  (XPS), Raman
spectroscopy, and scanning electron microscopy (SEM),
Additionally, assessments of wettability, cell viability,
corrosion resistance are performed to evaluate the overall

efficacy and biocompatibility of the coatings,



Materials and Methods

1. Materials

The chemicals used in this study, dopamine hydro-
chloride, tris(hydroxymethyl)-aminomethane (Tris),
sodium molybdate dihydrate (Na,MoO42H,0O), and
thioace-tamide (C,HsNS) were purchased from Sigma-
Aldrich (St, Louis, MO, USA) and used without further
purification, All the experiments were conducted using

deionized water,

2. Pretreatment of Ti surface

Ti plates (ASTM Grade 2, Daito Steel Co, Ltd., Tokyo,
Japan) were methodically polished using silicon carbide
(SiC) sandpaper with progressively finer grains (#400,
#0600, #800, and #1200), Following the polishing process,
the Ti plates were rinsed with acetone, ethanol and
deionized water to ensure the removal of contaminants,
Subsequently, the Ti plates underwent hydrothermal
treatment in 4 M KOH at 85 C for 2 hours, These treated

substrates are designated as OH@Ti,

3. Preparation of PDA coating

For preparing the polydopamine (PDA) solution,
dopamine was dissolved at a concentration of 2 mg/mL
in 10 mM Tris-HCl (pH 8.5). The OH@Ti plates were
immersed in the dopamine solution for 24 hours at room
temperature, The dopamine-coated titanium substrates
were then washed with distilled water and dried overnight
at room temperature, The resulting substrates are referred

to as PDA@TAI.

4. Preparation of MoS; coating

The MoS; nanoflakes assembled on the Ti plate were

synthesized by a facile hydrothermal method. For the
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formation of MoS,@Ti heterostructures, 0,186 mmol of
sodium molybdate dihydrate (Na,MoO42H,0) and 1,20
mmol of thioacetamide (C,HsNS) were dissolved in 20
mL deionized water to make a transparent solution, This
solution was then transferred to two separate Teflon-lined
stainless-steel autoclaves, The KOH-etched Ti substrate
was added to one autoclave, and the PDA-coated Ti
substrate was added to the other, Both autoclaves were
heated at 250 C for 24 hours, The resulting dark brown
solid product was dried at 80 C for 12 hours to obtain
MoS, coated Ti heterostructures, The resulting substrates
are referred to as MoS,@Ti and MoS,-PDA@Ti for MoS,
coated on the Ti plates and PDA-coated Ti plates,

respectively,

5. Surface characterizations

The surface morphologies and elemental compositions
of OH@Ti, PDA@Ti, MoS$,@Ti, and MoS,-PDA@Ti
substrates were analyzed using field emission scanning
electron microscopy (FE-SEM, JSM-7001F, Hitachi
High-Tech Corporation, Tokyo, Japan) equipped with an
energy-dispersive X-ray spectroscopy (EDS) module,
Powder X-ray diffraction (XRD) was performed using a
Bruker D8 instrument (Karlsruhe, Germany) with Cu Kea
radiation (A = 0.15406 nm) to determine the structural
properties and phase composition, scanning the 26 range
from 10° to 70°. Additionally, laser Raman spectrophoto-
metry (inVia Reflex, Renishaw Co., Gloucestershire, UK)
with a 532 nm excitation wavelength was employed for
further analysis, The chemical bonding states of the
elements were investigated using X-ray photoelectron
spectroscopy (XPS, Multilab 2000, Thermo Fisher
Scientific, Waltham, MA, USA). The surface wettability
of the modified substrates was evaluated using a contact
angle analysis system (DSA 25S, Kruss GmbH, Hamburg,

Germany),



6. Cell viability test

The impact of the different samples on the proliferation
of MG63 osteoblast-like cells was assessed using the MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide) assay. MG63 cells, sourced from the Korean
Cell Line Bank, were maintained in high-glucose
Dulbecco’s modified Eagle medium (Gibco™ DMEM,
Fisher Scientific Inc., Waltham, MA, USA) enriched with
10% fetal bovine serum (Gibco™ FBS, Fisher Scientific
Inc., Waltham, MA, USA), 100 units/mL penicillin, and
100 mg/mL streptomycin (32). The surface-modified Ti
specimens were arranged in a 48-well plate and sterilized
via UV irradiation for 30 minutes per side, MG63 cells
were then seeded onto the sample surfaces at a density
of 1x10° cells/well and incubated at 37 € with 5% CO, .
After 24 hours, MTT solution was introduced and
incubation continued for an additional 3 hours, The culture
medium was then removed, and 1 mL of dimethyl sulfoxide
(DMSO) was added to solubilize the formazan crystals,
Absorbance was measured using a Cytation3 Multi-Mode
Reader (BioTek Instruments, Inc., Winooski, Vermont,

USA). As a control, MG63 cells were also cultured in

HO :©/\/NH2
HO

empty wells without specimens. Each MTT experiment

was conducted in quintuplicate,

7. Electrochemical measurements

The corrosion resistance of the specimens was assessed
using potentiodynamic polarization testing conducted on
a Wonatech Zive SP2 potentiostat electrochemical system
in a 0.9% NaCl solution, A typical three-electrode system
was employed, consisting of a spiral platinum wire as
the counter electrode, a Hg/HgO electrode as the reference
electrode, and the specimens themselves serving as the
working electrode. The area of the specimen exposed
to the media was 1 cm®, The potential range was set
from -2.0 to 2.0 V with a scanning rate of 0.5 mV/s,
The potential relative to the Hg/HgO electrode was
converted to the potential of the reversible hydrogen
electrode (RHE) using the Nernst equation (33):

Epr = EHg/HgO + 0.059 X pH + 0,118

Electrochemical impedance spectroscopy (EIS) was
carried out in the frequency range from 100 MHz to 100
kHz. All polarization tests were conducted five times to

ensure reproducibility.

Dopamine
Polymerization
KOH Etching  OH_  OHgy PDA-coating MoS,-PDA-coating
bl (PDA@Ti) (MoS,-PDA@Ti)
Ti plate Etched Ti plate - ) . )
(OH@Ti) pry Yy -

MoS,-coating
(MoS,@Ti)

Figure 1, Schematic illustration of the surface modification procedure for titanium (Ti) plates. The process starts with KOH etching

of Ti plates to introduce hydroxyl groups (OH@Ti), followed by polydopamine (PDA) coating through dopamine polymerization
(PDA@Ti), The final step includes coating with molybdenum disulfide (MoS,) either directly on the etched Ti plate (MoS,@Ti) or

on the PDA-coated Ti plate (MoS;-PDA@Ti),
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Results and Discussion

Figure 1 depicts the sequential modifications applied
to titanium (Ti) plates to enhance their surface properties,
The process begins with the etching of Ti plates using
potassium hydroxide (KOH) at 85 C for 2 hours, creating
a thin, dense layer of titanium dioxide (TiO,) enriched
with hydroxyl (OH) functional groups (34), denoted as
OH@Ti. This chemically modified surface serves as an
excellent foundation for further coatings. Following the
etching process, the Ti plates are coated with polydo-
pamine (PDA) through the polymerization of dopamine
on the OH@Ti surface, resulting in PDA-coated Ti
(PDA@T1), Subsequently, molybdenum disulfide (MoS,)
is synthesized directly on the PDA-coated Ti surface via
a hydrothermal process involving molybdenum pre-
cursors, forming a dual-layer coating referred to as

MoS,-PDA@Ti., For comparative purposes, a control

sample of MoS,-coated Ti (MoS,@Ti) is also prepared using
the same hydrothermal conditions but without the
intermediate PDA layer, This comprehensive modification
strategy aims to enhance the surface properties of Ti plates
for various applications, demonstrating the effectiveness

of combining PDA and MoS, coatings.

1. Surface analysis

X-ray diffraction (XRD) analysis is employed to
characterize the phase composition and crystal structure
of the surface-modified titanium (Ti) samples, as depicted
in Figure 2. Pristine titanium exhibits characteristic
diffraction peaks at 26 values of 35.2° 38.7°, 40,3°, 53.2°,
and 63,1°, consistent across all samples (indexed to JCPDS
No. 89-4893) (35). The KOH treatment, intended to form
a titanium hydroxide layer, does not show distinct peaks
in the XRD pattern, suggesting minimal or undetectable

changes in the crystalline structure, Similarly, the
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Figure 2, XRD patterns of surface-modified titanium (Ti) samples: (a) KOH-etched (OH). (b) polydopamine (PDA) coated. (c)
molybdenum disulfide (MoS,) coated, and (d) MoS,PDA coated, The symbols denote different phases: diamonds (4) for MoS,, circles
(®) for TiO,, asterisks (*) for Ti, and inverted triangles (V) for carbon (C), Peaks are labeled with their corresponding planes.
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Figure 3. Raman spectra of surface-modified titanium (Ti) samples, (a) Raman spectra showing the D-band and G-band for
polydopamine (PDA) coated, molybdenum disulfide (MoS;) coated, and MoS,-PDA coated samples. (b) Detailed view of the Raman
spectra focusing on the E,, and A, peaks for MoS; and MoS,-PDA coated samples, The inset illustrates the vibrational modes

corresponding to the E;; and Ay, peaks,

PDA-coated Ti sample displays peaks nearly identical to
those of the KOH-etched Ti, indicating that the PDA layer
is either too thin or of insufficient quantity to significantly
alter the crystalline structure, However, the appearance
of a new peak at 20 = 43.9° for PDA@Ti and MoS,PDA@Ti
samples, attributed to carbon which are assigned to the
(111) facet of diamond composition (indexed to JCPDS
No. 50-1086) (35), suggests that the PDA coating may
catalyze some graphitic diamond carbon formation,
potentially due to PDA decomposition under the
experimental conditions employed (36),

MoS,
PDA-coated Ti or directly on KOH-treated Ti, the XRD

For coated samples, whether grown on
patterns display broad peaks at 14.3°, 33.0°, 39.5°, and
56.8°, corresponding to the (002), (100), (103), and (110)
planes of MoS,, respectively. These broad diffraction
peaks are indexed to JCPDS No. 37-1492 (35), which
corresponds to the hexagonal system with P6;/mmc as
the space group. The broadening of these peaks suggests

smaller crystallite sizes, typical for coatings rather than
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bulk materials, which is beneficial for enhancing the
surface area crucial for various applications. It is worth
noting that the MoS,-PDA@Ti sample does not exhibit
any additional peaks compared to the MoS,@Ti sample,
indicating that the PDA layer does not significantly
influence the crystal structure of the overlaid MoS,. This
observation suggests that PDA primarily functions as a
binding agent without altering the phase or crystalline
nature of MoS,.

Figure 3(a) exhibits the Raman spectra of PDA-coated
Ti (PDA@Ti), MoS,-coated Ti (MoS,@Ti), and MoS,-PDA-
coated Ti (MoS,-PDA@Ti) samples. In Figure 3(b), the
spectra identify the E,; mode, indicative of the in-plane
vibrations of the two sulfur (S) atoms relative to the
molybdenum (Mo) atom, and the A;, mode, arising from
the out-of-plane vibrations of the S atoms (37). The
frequency difference (4 @) between these two modes
serves as an indicator of the MoS, layer thickness (38).
For the MoS,-PDA@Ti sample, the 4 @ value decreases
to 24.8 cm'l, compared to 26,1 cm” for the MoS,@Ti



sample, suggesting a thinner MoS; layer has formed on
the PDA-coated sample. Additionally, the Raman spectra
exhibit the well known disorder-D (1367-1371 cm™) and
graphite G (1595-1602 cm™) peaks in both PDA@Ti and
MoS,-PDA@Ti samples, confirming that the PDA layer
remains intact after the subsequent coating of MoS,, This
indicates that the PDA coating does not peel off during
the MoS, deposition process. The lower 4 @ value and
the preservation of the PDA layer demonstrate that
applying a PDA coating can effectively control the growth
of MoS,, resulting in a finer and more uniform layer,
This finding highlights the potential of PDA as a mediator
in tailoring the properties of MoS, coatings for enhanced
performance and integration on Ti implants,

The SEM image analysis highlights the morphologies

of surface-coated materials on Ti surfaces, as supported
by XRD data findings. Figure 4 presents detailed SEM
images and corresponding EDS analyses for each
modification sample. Figure 4(a) presents SEM images
of KOH-etched Ti plates, revealing a rough, needle-like
surface structure, EDS analysis shows a significant increase
in oxygen content, confirming the presence of hydroxyl
groups due to the KOH treatment, This textured surface
likely enhances the adherence and interaction of
subsequent coatings. Figure 4(b) presents SEM images
of Ti plates coated with polydopamine (PDA) for 24 hours,
Despite the PDA coating, the surface structure closely
resembles that of the KOH-treated sample, indicating that
the PDA conforms well to the underlying etched structure

without significant morphological changes. This preser-

Figure 4, Scanning electron microscopy (SEM) images and Energy dispersive X-ray spectroscopy (EDS) analysis of surface-modified
titanium (T1) samples: KOH-etched Ti (OH@Ti), polydopamine-coated Ti (PDA@T1), MoS,-coated Ti (MoS,@Ti), and MoS,-PDA-coated
Ti (MoS,-PDA@Ti). The left and middle columns show SEM images at different magnifications (1 um and 100 nm scale bars), The
right column displays EDS spectra and the corresponding elemental compositions.
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Figure 5, X-ray Photoelectron Spectroscopy (XPS) analysis of surface-modified titanium (Ti) samples: PDA-coated Ti (PDA@Ti),
MoS;-coated Ti (MoS,@Ti), and MoS2@PDA-coated Ti (MoS-PDA@Ti). (a) survey XPS spectra, (b) High-resolution XPS spectra of the

Mo 3d region. (c) High-resolution XPS spectra of the S 2p region.

Table 1. Elemental chemical compositions and ratios of different samples with XPS characterization,

Ti 2p O 1s C s Mo 3d S 2p N 1s
(%) (%) (%) (%) (%) (%)
OH@Ti 31.12 51.30 1758 - - -
PDA@TI 5.28 26.06 62.55 - - 6.11
MoS.@Ti - 7.86 20.83 26.76 44 55 -
MoS,-PDA@T - 9.16 27.46 23.47 38.69 1.22

vation of the textured morphology suggests effective
adherence of the PDA to the rough surface. The increased
carbon content, the major constituent of dopamine, is
evident in the EDS analysis. Figure 4(c) and 4(d) depict
Ti
KOH-treated Ti

coated with MoS;,
(MoS,@Ti) and on PDA-coated Ti

plates applied directly on
(MoS,-PDA@T1), respectively, Both samples display a
nanosheet-like structure characteristic of MoS,., However,
the presence of PDA hinders the growth of MoS,
nanosheets, resulting in a more controlled and
homogeneous distribution of MoS, on the PDA-coated
Ti surface compared to the directly coated sample. EDS
analysis reveals the presence of molybdenum, sulfur, and
titanium, confirming the formation of MoS, within the

composite material, For the MoS, directly coated on

KOH-treated Ti, the decreased presence of Ti in the EDS
suggests a substantial MoS, coating that effectively masks
the underlying Ti. The controlled growth due to the
presence of PDA suggests that the PDA layer not only
adheres well to the underlying surface but also modulates
the deposition of MoS,, potentially enhancing electron
transfer capabilities between MoS, and Ti, This could
offer significant advantages in applications requiring
efficient thermal management or enhanced electron
conductivity, These SEM and EDS analyses provide crucial
insights into the surface engineering of Ti, highlighting
how different treatments influence the morphology and
elemental composition of coatings.

In addition, XPS survey spectra of the PDA@Ti, MoS,@Ti,

and MoS,-PDA@Ti samples were collected as shown in
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Figure 5. As shown in Table 1, the increased amount
of the O 1s peak in the KOH-treated surface indicates
the formation of TiO, due to KOH treatment. This result
the SEM findings. After self-
polymerization of the PDA film on KOH-etched Ti

is consistent with
substrate, the intensity of the Ti 2p peaks remarkably
decreased, while the C 1s peak increased and an additional
N 1s peak appeared (listed in Table 1), It was observed
that the Ti signal disappeared after the deposition of MoS;,
consistent with the SEM observations, The MoS,@Ti and
MoS,-PDA@Ti samples exhibited detectable Mo and S
peaks, confirming the presence of MoS,, consistent with
the reported values for MoS, crystals (17). For the MoS,@Ti
sample, the binding energies of Mo 3ds,, Mo 3ds, S
2p1p2, and S 2ps;, peaks are located at 2332, 230.1, 162.8
and 161.7 eV, respectively. In the MoS,-PDA@Ti, these
peaks shifted to 232.4, 229.3, 1624, and 161.6 eV,
respectively, indicating a lower energy level compared
to MoS,@Ti due to electronic interactions between MoS,
and PDA, In addition, nitrogen peaks at 399.9 eV were
observed in the PDA@Ti and MoS,-PDA@Ti samples,
indicating the successful preparation of the PDA coating
(39).

Figure 6 illustrates the surface wettability of various
surface-modified titanium (Ti) samples, The KOH-etched
Ti surface shows a low water contact angle of 18,46+1,3°,
indicating significantly enhanced hydrophilicity due to
the introduction of hydroxyl groups from the etching
process (34). Polydopamine (PDA) coatings, while slightly
reducing the hydrophilicity compared to KOH-treated
samples, remain hydrophilic, In contrast, MoS, coatings
are hydrophobic due to their S-Mo-S bonding
characteristics, The contact angles of PDA@Ti and
MoS,@Ti are 48,58+4.1° and 101.03£3.3°, respectively
(40). Interestingly, the MoS,-PDA@Ti surface shows a
contact angle of 83.77+2.2°, which is slightly lower than
that of the MoS,@Ti surface, suggesting that the PDA layer

modestly improves the wettability of the surface.
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2. Cell viability analysis
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(n =5).

Cell viability is determined using an optical analyzer
and expressed as the percentage of viable cells relative
to the total number of cells, This measurement is crucial
for evaluating the biological activity of materials intended

for medical applications (41), In this work, the MTT assay



against MG63 osteoblast-like cells is utilized to assess the
response of cells on titanium (Ti) samples with various
surface modifications, As shown in Figure 7, the minimum
cell viability ratio is approximately 95.0%£1.7% for
KOH-etched Ti plates, 92,.9£2.9% for PDA-coated Ti
plates, about 107.8£8.2% for MoS,-coated, and 100.1%£
4.5% for MoS,-PDA-coated Ti plates, indicating no
significant differences in cell viability between negative
control cells and the cells grown on any of the specimens

(P<0.05).

3. Electrochemical analysis

Various corrosion phenomena are observed across
differently surface-modified titanium (Ti) samples, as
depicted through Tafel polarization curves. The
potentiodynamic polarization curves, conducted in 0.9%
NaCl solution, are shown in the Figure 8(a), and the
calculated corrosion potential (Eeoy) and corrosion current
(icon) are listed in Table 2 along with anodic and cathodic
Tafel slope. The PDA@Ti sample demonstrates the highest
corrosion resistance, indicated by its more noble corrosion
potential of -0,04 V vs RHE and the lowest corrosion
current density of 1,13 uA/cmz_ In contrast, the MoS,@Ti
sample exhibits a corrosion potential of -0.19 V vs RHE

and a much higher corrosion current density of 39.63

WA/cm’, indicating poor corrosion resistance compared
to the other samples. Meanwhile, the MoS,-PDA@Ti
sample exhibits a corrosion potential of -0.06 V vs RHE
with a corrosion current density of 22,54 UA/cm?®, While
not as effective as PDA@Ti, this sample still shows
improved corrosion resistance compared to MoS,@Ti,
suggesting that the combination of PDA and MoS, layers
provides a synergistic effect in protecting the titanium
substrate against corrosion,

The electrochemical properties are further explored
through the electrochemical impedance spectroscopy
(EIS). The Nyquist plot of EIS measurements in 0.9%
NaCl solution, shown in Figure 8(b), serves as a tool
for investigating the ion transport Kkinetics at the
electrode-electrolyte interface (42), A smaller semicircle
diameter in the plots indicates reduced resistance at the
electrode-electrolyte interfaces,

reflecting  improved

carrier transportation performance, Specifically, the
Nyquist plot in Figure 8(b) reveals that the semicircle
for MoS,-PDA is smaller than that of PDA@Ti but larger
than that of MoS,@Ti. This indicates that the MoS,-PDA@Ti
sample strikes a balance by enhancing charge transfer
characteristics compared to PDA@Ti but with slightly
higher resistance compared to MoS,@Ti. This highlights

the nuanced role of the PDA interlayer in modulating
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Figure 8, Electrochemical performance of surface-modified titanium (Ti) samples: (a) Tafel plots showing the polarization curves,

(b) Electrochemical impedance spectroscopy (EIS) Nyquist plots, with the inset showing the equivalent circuit model used for fitting

the data,
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Table 2, Electrochemical parameters derived from Tafel plots for surface-modified titanium (Ti) samples, The parameters include

corrosion potential (Ey), corrosion current density (), anodic Tafel slope (fa), and cathodic Tafel slope (£c).

Ecorr loorr Ba Bc
(V vs RHE) (Afem?) (mV dec) (mV dec)
OH@Ti -0.21 10.27 12587 -172.03
PDA@TI -0.04 113 937 44 -856.90
MoS,@Ti -0.20 39.63 247 48 -307.60
MoS,-PDA@Ti -0.06 2254 161.14 -296.41
the electrochemical properties of MoS, coatings, of MoS; and PDA (MoS,-PDA). The results demonstrate

contributing to both the corrosion resistance and the
overall electrochemical performance of the titanium
substrate,

The results of this study clearly demonstrate that the
incorporation of a PDA interlayer significantly enhances
the performance of MoS, bioactive coatings on titanium
implants, This improvement is particularly evident in the
controlled growth, enhanced surface properties, and
increased corrosion resistance achieved, These findings
provide an important foundation for maximizing the
potential of MoS, coatings in dental and orthopedic
implant applications, While the NIR-mediated antibacterial
effects of MoS, are already well-known (43), this study
highlights the necessity of evaluating the osteogenic
potential of MoS;-coated specimens in future research,
By confirming whether these coatings not only prevent
infections but also promote bone integration and
regeneration, their applicability in orthopedic and dental

implants could be greatly expanded.

Conclusions

This study investigates the surface modification of

titanium (T1) substrates using KOH etching, polydopamine

(PDA), molybdenum disulfide (MoS,), and a combination

139

that MoS,-PDA coatings exhibit increased hydrophilicity
and corrosion resistance compared to MoS, directly coated
on Ti, highlighting the beneficial effect of the PDA
interlayer. XRD, Raman spectroscopy, and SEM confirm
the successful and uniform deposition of MoS; facilitated
by PDA. Cell viability assays indicate high biocompatibility
across all modified surfaces. Electrochemical impedance
spectroscopy (EIS) reveals that MoS,-PDA@Ti balances
charge transfer characteristics, underscoring the role of
PDA in enhancing electrochemical performance. The
combination of MoS; and PDA coatings on Ti substrates
presents a promising approach for enhancing surface
properties, including corrosion resistance, wettability, and
biocompatibility, The PDA interlayer plays a crucial role
in controlling the growth and distribution of MoS,, making
it a valuable component in the surface engineering of
Ti for advanced applications in biomedical implants and

other technological fields,
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Original Article

Effect of MoS,/polydopamine coating on surface properties and
biocompatibility of Ti implants
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This study investigates the role of polydopamine (PDA) as an intermediate layer for enhancing the adhesion, surface properties
and corrosion resistance of molybdenum disulfide (MoS,) coatings on titanium (Ti) implants, Two approaches are compared:
one involving direct MoS, coating on Ti and the other involving MoS, coating on PDA-treated Ti surfaces. The modified
surfaces are comprehensively characterized using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), Raman
spectroscopy, and scanning electron microscopy (SEM). Characterization results from Raman spectroscopy and SEM confirm
that the PDA layer facilitates more uniform and finely structured MoS, coatings. Wettability tests demonstrate that MoS,-PDA-treated
surfaces exhibit improved hydrophilicity compared to direct MoS, coatings. Corrosion resistance tests using potentiodynamic
polarization reveal that MoS,-PDA-treated samples show a lower corrosion current density and more noble corrosion potential
compared to directly coated MoS, samples, Cell viability assays show comparable biocompatibility for both MoS,-PDA-treated
and direct MoS,-coated surfaces, with a slight preference for the MoS, group in terms of cell compatibility, These findings
suggest that while the PDA interlayer improves structural and surface properties, further studies are needed to fully understand
the biocompatibility differences between the two approaches. The PDA interlayer still shows promise in enhancing surface

properties and corrosion resistance for potential orthopedic applications,

Keywords : MoS, coating, Dopamine, Wettability, Cell viability, Titanium dental implants
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