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Abstract 
 
The controlled fabrication of platinum (Pt) nanodots on quartz substrates has attracted considerable attention for 
advanced applications in plasmonics, biosensing, catalysis, and nanoelectronic devices. In this study, the 
morphological transformation of thermally dewetted Pt thin films deposited on untreated and isopropanol (IPA)-
modified quartz substrates was systematically investigated. Pt thin films with a thickness of approximately 10 
nm were deposited using a sputter coating technique and subsequently annealed at temperatures ranging from 
400 °C to 700 °C. The thermal dewetting behavior and morphological evolution of Pt nanostructures were 
systematically examined through hot stage-assisted in situ thermal annealing integrated with field-emission 
scanning electron microscopy (FE-SEM), combined with ImageJ-based quantitative surface coverage analysis. 
The results demonstrated that annealing temperature and substrate surface condition strongly influenced the 
dewetting behavior and final morphology of the Pt nanostructures. At lower annealing temperatures, the Pt films 
exhibited limited atomic diffusion and irregular fragmented structures, whereas higher temperatures promoted 
film breakup and the formation of isolated Pt nanodots. A significant difference in morphological evolution was 
observed between untreated and IPA-treated substrates. The untreated substrate retained partially interconnected 
Pt domains even at high annealing temperatures, indicating incomplete dewetting behavior. In contrast, the IPA-
treated substrate facilitated the formation of smaller, more uniformly distributed, and well-separated Pt nanodots 
with reduced surface coverage, suggesting enhanced thermal dewetting and improved nanoparticle uniformity. 
In addition, absorbance spectra measurements revealed morphology-dependent optical responses associated with 
variations in Pt nanostructure size and particle distribution. The Pt nanodots formed on the IPA-treated substrate 
exhibited a higher, steeper absorbance peak than those formed on the untreated substrate, indicating improved 
nanoparticle uniformity and enhanced morphology-dependent optical interactions after thermal dewetting. The 
experimental results in this study clearly demonstrate the effect of IPA surface treatment on the morphological 
transformation and dewetting behavior of Pt thin films. 
 
Keywords: Absorbance spectrum, Isopropanol-assisted substrate, Platinum nanodots, Nanostructure 
agglomeration, Thermal dewetting process  
 
1 Introduction 
 
Platinum (Pt) nanostructures are at the forefront of 
nanomaterials research due to their remarkable 

intrinsic properties, including high chemical stability, 
excellent electrical conductivity, superior catalytic 
activity, and strong interaction with electromagnetic 
radiation [1]-[5]. These properties make Pt 
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nanostructures indispensable in a wide range of high-
performance applications, particularly in the fields of 
energy conversion, environmental sensing, and next-
generation electronics [6]-[8]. Within the broader 
class of Pt nanostructures, Pt nanodots defined as 
discrete, zero-dimensional nanoparticles typically 
below 20 nm in diameter are of special interest. Their 
high surface-to-volume ratio dramatically enhances 
surface reactivity, enabling efficient catalytic 
performance in reactions such as the hydrogen 
evolution reaction (HER) and oxygen reduction 
reaction (ORR) [9]-[10]. Furthermore, their 
nanometric size introduces quantum confinement 
effects that modify their electronic density of states, 
enabling size-tunable functionalities in electronic and 
optical devices [11]-[12]. Pt nanodots also support 
localized surface plasmon resonance (LSPR) 
phenomena, despite being a transition metal, which 
allows them to be used in advanced plasmonic 
biosensors with enhanced sensitivity [13]-[14]. 
Moreover, their potential for controlled positioning on 
substrates opens pathways for integration into single-
electron transistors and nanoelectronic circuitry [15]. 
The adaptability of Pt nanodots, particularly when 
formed on transparent and thermally stable substrates 
like glass, also makes them suitable for incorporation 
into flexible optoelectronic devices and photothermal 
therapy platforms, highlighting their cross-
disciplinary relevance in both emerging technologies 
and fundamental science [16]-[18]. 

Thermal dewetting has emerged as a promising 
and scalable technique for fabricating metal nanodots 
on dielectric quartz substrates. Unlike lithographic or 
chemical approaches, thermal dewetting exploits the 
intrinsic thermodynamic instability of thin metal films 
under high-temperature conditions, causing the films 
to rupture and reorganize into discrete nanoparticles to 
minimize surface and interfacial energies. This 
process involves hole nucleation, growth, and the 
eventual breakup of the film into isolated nanodots, 
with the evolution strongly influenced by parameters 
such as film thickness, annealing temperature, and 
substrate surface energy [19]-[20]. Gold (Au) 
nanodots, known for their plasmonic properties, are 
typically formed via dewetting at 500–600 °C, with 
controlled size and spacing suitable for SERS and 
optical devices [21]-[24]. Silver (Ag), which dewets at 
lower temperatures (300–400 °C), offers strong 
localized surface plasmon resonance (LSPR) but 
requires precise conditions to prevent coarsening or 

oxidation [25]-[26]. Copper (Cu), despite its 
susceptibility to oxidation, can be used to produce 
nanodots at 400–500 °C when annealed in vacuum or 
reducing atmospheres, making it viable for photonic 
and sensor applications [27]. Platinum (Pt), with its 
high melting point and strong adhesion to oxide 
surfaces, generally requires higher annealing 
temperatures (≥600 °C) to induce dewetting, and 
pretreatment steps such as acetone cleaning or plasma 
exposure can enhance film instability and dot 
uniformity [28]-[29]. The resulting Pt nanodots 
exhibit remarkable thermal and chemical stability and 
are increasingly used in cutting-edge applications such 
as catalytic microreactors, electrochemical sensors, 
and nanophotonic energy devices. Overall, thermal 
dewetting offers a versatile and clean route to engineer 
metal nanostructures with tunable properties on glass 
substrates for various high-performance technologies 
[30]-[31]. 

The surface energy of quartz glass substrates 
critically influences the dewetting behavior and 
aggregation dynamics of metallic nanodots formed via 
thermal annealing. High-energy quartz surfaces, such 
as those treated by oxygen plasma or UV-ozone 
cleaning, enhance metal substrate adhesion and 
promote uniform nucleation of holes in thin films 
[32]-[33]. For gold (Au), increased surface energy 
facilitates early-stage rupture and yields well-ordered, 
size-controlled nanodots, whereas low-energy or 
contaminated surfaces delay dewetting and lead to 
irregular morphologies [34]. Silver (Ag), due to its 
high diffusivity and lower adhesion, dewets more 
rapidly on hydrophilic quartz surfaces, forming fine 
nanodots at relatively low temperatures; however, on 
low-energy surfaces, Ag tends to coarsen and 
aggregate [35]. Copper (Cu) shows improved 
dewetting behaviour when the quartz substrate is 
pretreated to enhance surface energy, forming fine 
nanodots under vacuum; otherwise, poor wettability 
and oxidation lead to inhomogeneous patterns [36]. 
Platinum (Pt), with its high melting point and strong 
adhesion, typically requires elevated temperatures to 
initiate dewetting, but substrate pretreatments such as 
plasma exposure significantly enhance film instability 
and promote uniform nanodot formation [37],[38]. 
Overall, tailoring the surface energy of quartz glass is 
essential for achieving controlled dewetting across 
different metals, affecting not only the onset 
temperature of film rupture but also the resulting 
nanodot size, spacing, and distribution. 
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In this study, the isopropanol (IPA) rinsing 
treatment was employed to modify the surface 
condition of the quartz glass substrate prior to 
platinum (Pt) film deposition. IPA is a polar solvent 
that effectively removes organic contaminants, 
surface hydrocarbons, and dust particles from the 
substrate surface. These contaminants typically reduce 
the surface energy and create nonuniformities that 
interfere with controlled film rupture during thermal 
dewetting. By eliminating these residues, IPA 
treatment exposes hydroxyl (–OH) groups on the 
quartz surface, making it more hydrophilic [39],[40]. 
This increase in surface energy improves the adhesion 
of the Pt thin film and enhances the wetting interaction 
between the metal and the substrate. As a result, the 
thermal dewetting process becomes more predictable 
and uniform. The cleaner substrate surface leads to a 
more uniform distribution of Pt nanodots and 
minimizes particle agglomeration after thermal 
dewetting. Consequently, the IPA-treated substrate 
promotes the formation of smaller and more uniformly 
distributed Pt nanodots. This improvement in nanodot 
quality is crucial for advanced applications in sensing, 
catalysis, and photonic devices, where performance is 
strongly dependent on nanoscale geometry and 
distribution. 

 
2 Materials and Methods 
 
2.1 Self-organization of Pt nanodots by the 

thermal dewetting method. 
 
Using the thermal dewetting method for platinum (Pt) 
thin films provides a simple and high-throughput 
nanofabrication process for producing random 
nanostructures on solid substrates. In this process, a 
continuous Pt thin film initially deposited by 
sputtering is transformed into discrete nanoislands 
through solid-state dewetting driven by thermal 
energy [41]. When the Pt-coated substrate is heated to 
an appropriate annealing temperature, the system 
tends to minimize its total interfacial and surface 
energies. This energy minimization results in the 
agglomeration of Pt atoms and the morphological 
transition from a continuous film into isolated 
nanodots. 

Figure 1 illustrates the agglomeration 
mechanism of the Pt thin film into nanodots on a 
substrate that proceeds in 4 stages. Firstly (i), thermal 
activation initiates the nucleation of nanoscale voids 

at defects or grain boundaries within the Pt film. 
Secondly (ii), as annealing continues, these voids 
expand laterally due to enhanced atomic surface 
diffusion, causing the rupture of the continuous Pt 
layer. Then (iii), at optimal thermal dewetting 
temperature and duration, the void growth results in 
the fragmentation of the Pt film into isolated domains. 
Finally (iv), the atoms in these separated Pt regions 
move across the surface until each region shrinks and 
rounds off, turning into Pt nanodots on the substrate. 

Key parameters influencing the final 
nanoparticle morphology include the initial Pt film 
thickness, substrate surface energy, annealing 
temperature, and annealing duration. Thinner Pt films 
tend to dewet and form smaller nanoparticles at lower 
temperatures, whereas thicker films require higher 
annealing temperatures to induce complete dewetting. 
While the thermal annealing approach offers the 
advantages of simplicity, low fabrication cost, and 
compatibility with large-area processing, it generally 
results in random nanoparticle size and spacing 
distributions. Nevertheless, Pt nanoislands fabricated 
by this method exhibit unique plasmonic, catalytic, 
and surface-enhanced optical properties, making them 
valuable for applications in sensing. 

Figure 2 illustrates a schematic diagram of the 
experimental procedure for fabricating self-organized 
Pt nanodots on a quartz glass substrate via the thermal 
dewetting process. First (a), quartz glass sheets with a 
thickness of 1 mm were cut into 1 cm² pieces. The 
substrates were cleaned in an acetone bath using an 

Figure 1: Schematic illustration of the morphological 
evolution and thermal dewetting process of Pt thin 
films on a quartz substrate leading to Pt nanodot 
formation. 
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ultrasonic cleaner (GT Sonic, VGT-1613T) for 10 min 
to remove surface contaminants and residual 
impurities. Next (b), a drop of isopropanol was applied 
onto the cleaned substrate surface as a surface 
modification treatment prior to Pt deposition. Then 
(c), a thin platinum (Pt) film was deposited onto the 
IPA-treated substrate using a sputter coating system 
(DC-MCM-200 Ion Sputter Coater). Argon (Ar) gas 
was used as the sputtering gas at a pressure of 15 Pa. 
The acceleration voltage was set to 0.7 kV, while the 
sputtering current was maintained at 5 mA during the 
deposition process. The Pt target diameter was 50 mm, 
and the target-to-substrate distance was fixed at 35 
mm. Prior to sputtering, the chamber was evacuated to 
a high vacuum of approximately 10⁻⁵ mbar. During 
sputtering, Pt atoms were ejected from the target and 
transported through the vacuum before being 
deposited onto the substrate surface. The Pt film 
thickness was controlled by adjusting the sputtering 
time, resulting in an approximate deposition rate of 5 
nm/min. In this study, the Pt film thickness was fixed 
at approximately 10 nm. Finally (d), the Pt-coated 
substrates underwent self-organization through hot 
stage-assisted thermal dewetting of Pt films on quartz 
glass substrates. 
 
2.2 Hot stage-assisted thermal annealing of Pt films 
on quartz substrate 
 
The Gatan Murano hot stage was employed to enable 
real-time monitoring of the morphological 

transformation of platinum (Pt) nanodot arrays 
deposited on a quartz glass substrate. This advanced 
heating stage, designed for in situ experimentation, 
was integrated into a field-emission scanning electron 
microscope (FE-SEM, SU3500, Hitachi, Japan). By 
mounting the quartz substrate directly on the silicon-
based heating element of the stage, it became possible 
to continuously observe the agglomeration and 
evolution of Pt nanostructures during simulated 
thermal treatments. The advantage of employing the 
Gatan Murano hot stage lies in its ability to replicate 
actual annealing processes in situ, while maintaining 
direct visualization of nanostructure evolution without 
the need to remove the sample from the microscope. 
This minimizes contamination risks, eliminates 
sample transfer errors, and allows researchers to 
precisely correlate morphological changes with 
applied thermal conditions. 

The schematic representation of the setup is 
shown in Figure 3, where the quartz glass substrate 
coated with a thin Pt film was positioned on the 
heating stage. This configuration provided a highly 
stable environment for thermal dewetting while 
allowing the FE-SEM to capture surface changes in 
real time. The temperature range accessible by the 
stage extended from 400 to 700 °C, enabling 
systematic studies of nanoscale morphological 
evolution under controlled heating conditions. 

In this study, the experimental design was 
systematically divided into two distinct batches in 
order to investigate the influence of substrate surface 
treatment on the agglomeration behavior of platinum 
thin films. For Batch 1, a platinum film with a nominal 
thickness of 10 nm was deposited directly onto the 
quartz glass substrate without any surface 
modification. This condition served as a reference for 
the natural dewetting and agglomeration behavior of 
Pt on a pristine substrate surface. In contrast, Batch 2 
involved the deposition of a 10 nm Pt film onto a 
quartz glass substrate that had been pretreated with 
isopropanol (IPA). The surface modification by IPA 
was intended to alter the surface energy of the 
substrate and, consequently, influence the nucleation, 
diffusion, and breakup mechanisms of the Pt thin film 
during subsequent thermal dewetting treatment. By 
conducting a comparative investigation between 
Batch 1 and Batch 2, the study aimed to elucidate the 
extent to which surface pretreatment modifies the 
dynamics of agglomeration, the morphology of the 
resulting nanodots, and the overall stability of the self-

Figure 2: Schematic illustration of the experimental 
procedure for fabricating self-organized Pt nanodots 
on quartz substrates via thermal dewetting. 
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organized Pt nanostructures. Such a two-batch 
approach provides valuable insight into how subtle 
changes in the initial surface conditions can govern the 
evolution of thin metal films under thermal dewetting. 
Thermal annealing was performed from 400 to 700 °C, 
and the changes in the Pt film morphology were 
monitored stepwise at every 100 °C increment. These 
selected temperatures correspond to regimes where 
the thin Pt film underwent a transition from a 
continuous layer into isolated nanoislands through the 
process of solid-state dewetting. 
 
3   Results and Discussion 
 
3.1 The agglomeration evolution of Pt film on the 
substrate 
 
The in situ thermal annealing experiments revealed 
that the morphological transformation of Pt thin films 
on untreated quartz substrates began through a void 
nucleation mechanism. As shown in Table 1, Batch 1 
for Pt film on untreated substrate at 400 °C, the 

continuous Pt film exhibited the appearance of 
nanoscale voids randomly distributed across the 
surface. These initial voids indicate the onset of film 
instability, where atomic diffusion drives the breaking 
of film continuity to minimize surface and interface 
energies. At this stage, the film is not yet fully 
dewetted, but the nucleation of holes provides the 
driving force for subsequent morphological evolution. 
Upon increasing the temperature to 500 °C, the density 
and size of voids markedly increased, and the film 
exhibited a more discontinuous structure. The 
coalescence of neighboring voids led to the thinning 
of interconnecting regions and the fragmentation of 
the Pt layer into irregular domains. This stage 
represents the advanced void nucleation and growth 
process, where enhanced surface diffusion accelerates 
mass transport away from the nucleated sites, leading 
to the destabilization of the film. At an annealing 
temperature of 600 °C, the morphological evolution of 
the Pt thin film became more pronounced compared to 
the lower-temperature stages. The void nucleation 
sites observed previously expanded significantly, 
leading to a wider spacing between the Pt regions. This 
widening of the gaps indicated the onset of film 
rupture and the gradual transition from a continuous 
thin film to a discontinuous structure.  

At a thermal dewetting temperature of 700 °C, 
the Pt thin film underwent a significant morphological 
transformation, yet the complete formation of well-
defined Pt nanodots was not observed. Instead, the 
micrograph reveals extensive rupture of the 
continuous Pt layer, where the voids previously 
initiated at lower temperatures expanded further, 
creating irregular channels and highly fragmented 
regions across the substrate. These enlarged voids 
resulted in the appearance of broad, tortuous gaps that 
isolated clusters of Pt but did not yet evolve into 
discrete, rounded nanoparticles. 

 For the Pt film (10 nm) on IPA-treated substrate 
at 400 °C, the morphology appears similar to that 
observed on the untreated substrate at the same 
temperature. The film exhibits nanoscale voids 
sparsely distributed across the surface, reflecting the 
initial stages of thermal dewetting. Compared with the 
untreated case, the IPA treatment does not result in a 
markedly different morphology at this early stage. The 
voids remain relatively small and isolated, and the film 
still retains semi-continuous coverage of the substrate. 

 At 500 °C, the Pt thin film on the untreated 
substrate exhibits irregular agglomeration, 

Figure 3 : Experimental setup for in situ hot stage-
assisted thermal annealing of Pt thin films integrated 
with a field-emission scanning electron microscope 
(FE-SEM). 
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characterized by large, uneven clusters distributed 
across the surface with significant void formation. The 
particles appear coarsened and sparsely dispersed, 

indicating a less uniform dewetting process. In 
contrast, the Pt thin film on the IPA-treated substrate 
shows a finer and more homogeneous distribution of 

Table 1: Comparative study on Pt film agglomeration on untreated and IPA-modified substrates. 
Dewetting 

Temperature(°C) 
Batch 1 : Pt film on an untreated substrate 

Thickness = 10 nm 
Batch 2: Pt film on an IPA-treated substrate 

Thickness = 10 nm  

400 

 

 

 
 

500 

 

 

 
 

600 

 

 

 
 

700 
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nanoparticles. The metallic domains are smaller, more 
regularly shaped, and more evenly dispersed across 
the surface, with fewer large agglomerates. This clear 
morphological difference highlights the smoother and 
more controlled dewetting behavior achieved on the 
IPA-treated substrate compared with the untreated 
surface. 

 At 600 °C, the Pt film on the untreated substrate 
shows clear signs of agglomeration into large and 
irregular clusters. These clusters appear dark and 
bulky, with uneven shapes and sizes, and they are 
accompanied by a smaller number of fine particles 
scattered randomly on the surface. The overall surface 
looks rough and non-uniform, with a wide distribution 
of particle sizes. In contrast, the Pt film on the IPA-
treated substrate breaks up into much smaller and 
more rounded nanoparticles. These particles are 
distributed more evenly across the substrate, creating 
a surface that appears finer, smoother, and more 
homogeneous compared to the untreated case. The 
difference in morphology between the two surfaces is 
clearly visible, with the untreated substrate dominated 
by large, irregular islands, while the IPA-treated 
substrate shows a dense layer of small and uniform 
particles.  

At 700 °C, a clear visual difference is observed 
between platinum deposited on the untreated substrate 
and on the IPA-treated substrate. On the untreated 
surface, the platinum forms large, irregular 
agglomerates with rough edges, where many particles 
merge together and create non-uniform clusters 
scattered across the substrate. The size variation 
among the particles is wide, resulting in an overall 
uneven surface appearance. In contrast, the IPA-
treated substrate exhibits much smaller and more 
rounded platinum nanoparticles that are distributed 
more evenly. The particles are well separated from one 
another, with less evidence of clustering or merging, 
giving the surface a finer and more uniform 
morphology. This contrast highlights how the 
untreated surface favors the growth of big, irregular 
clumps, while the IPA treatment promotes the 
formation of small, well-dispersed particles across the 
substrate. 
 
3.2 Absorbance spectra of Pt nanodots on untreated 
and IPA-treated substrates 
To evaluate the optical characteristics of the fabricated 
Pt nanodot arrays, ultraviolet–visible (UV–Vis) 

extinction spectra were measured using a BAS 
SEC2000 spectrometer in an absorbance-mode optical 
setup. Broadband illumination was provided by a 
tungsten–halogen light source (LS-1, Ocean Optics), 
covering the visible to near-infrared spectral region. 
During the measurement process, the incident light 
was first collimated and directed through the Pt 
nanodot array on the quartz substrate. The sample was 
mounted on a precision-controlled stage to ensure 
stable positioning and accurate optical alignment 
throughout the experiment. After passing through the 
sample, the absorbance light was collected by an 
optical fiber and transferred to the spectrometer for 
spectral acquisition. The absorbance spectra were 
recorded over a wavelength range of 400–850 nm in 
order to investigate the morphology-dependent optical 
response of the Pt nanodot structures. 

The absorbance spectra indicate that Pt nanodots 
on the IPA-treated substrate deliver the superior 
optical response (Figure 4). The Pt nanodots on an 
IPA-treated sample (blue) show a sharper, more 
prominent band peaking near 600 nm with a maximum 
absorbance close to 0.35 a.u., consistent with smaller, 
more uniformly distributed nanodots that strengthen 
localized surface plasmon resonance (LSPR) and 
reduce off-resonant scattering. The narrower 
linewidth and higher peak-to-baseline contrast reflect 
improved spectral quality. In contrast, Pt nanodots on 
the untreated substrate (red) exhibit a broader, red-
shifted feature about 560 nm with lower peak 
prominence, characteristic of larger, polydisperse 
aggregates and stronger inter-particle coupling that 
broaden the resonance and add radiative losses. 
Overall, the IPA surface treatment yields higher-
quality and better-defined absorbance due to the 
smaller and more homogeneous nanodot morphology, 
whereas the untreated surface produces a weaker, 
broadened spectrum dominated by coarse clustering. 
 
3.3 Influence of isopropanol pretreatment on the 
morphological evolution of Pt nanodots during 
thermal dewetting 
 
As shown in Figure 5(a), at 400°C, the 10 nm platinum 
film on IPA-treated quartz remains mostly continuous 
but shows the first signs of breaking down, tiny holes 
(5-10 nm wide) begin forming at weak spots like grain 
boundaries and surface defects. At this temperature, 
platinum atoms have just enough energy to detach 
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from these defect sites but cannot move far across the 
surface, so the holes stay small, isolated, and do not 
merge together. This creates an incubation stage 
where the film is still intact but develops a uniform 
pattern of tiny nucleation points [42]. The IPA 
treatment helps by making the film stick better to the 
quartz, ensuring that when atoms do become mobile at 
higher temperatures, they spread evenly rather than 
clumping randomly. Essentially, 400°C sets up a 
controlled starter pattern of evenly-spaced weak 
points that will guide the formation of uniform 
nanoparticles when the temperature is increased 
further. 

Figure 5(b) illustrates the behavior of Pt film at 
500 °C. As the temperature increases continuously to 
500°C, platinum atoms gain much more energy and 
mobility. The small holes from 400°C rapidly expand 
and merge together, causing the connected film to 
break apart into separate islands. On IPA-cleaned 
quartz, this dewetting process happens uniformly 
across the surface, creating evenly distributed 
platinum nanoislands with regular spacing. The 
islands show slightly angular shapes rather than 
perfect spheres, indicating the transformation is still in 
progress, but the overall pattern is very uniform due to 
the clean substrate surface.  

As the temperature increased, these voids 
progressively expanded and interconnected Pt regions 
started to break apart into isolated islands through 
enhanced mass transport and agglomeration. 

 

 

 

 
Figure 5: FE-SEM micrographs showing the 
morphological evolution of 10 nm Pt films deposited on 
IPA-treated quartz substrates after thermal annealing for 30 
min at (a) 400 °C, (b) 500 °C, (c) 600 °C, and (d) 700 °C. 
 

a) 

b) 

c) 

d) 

Figure 4 : Comparison of the absorbance spectra of Pt 
nanodot structures formed on untreated and IPA-
treated quartz substrates after thermal dewetting. 
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At the intermediate stage around 600 °C, as 
shown in Figure 5(c), the Pt structures exhibited 
irregularly shaped agglomerates with partially 
rounded boundaries, indicating active coalescence and 
surface diffusion. Upon further annealing at 700 °C, 
as shown in Figure 5(d), the Pt islands became more 
isolated and transformed into quasi-hemispherical 
nanodot-like structures and reduced interconnection 
between neighboring particles.  

Figure 6 illustrates the AFM surface analysis of 
the Pt agglomeration on an untreated substrate, the 
AFM image reveals the formation of large and 
irregular Pt agglomerates with non-uniform height 
distribution across the scanned area. The 
corresponding line-profile analysis (X-X’) shows 
substantial surface fluctuations, with peak heights 
reaching approximately 20 nm. The surface variation 
was distributed in the range of 10–16 nm, indicating 
severe particle coalescence and non-uniform mass 
redistribution during the thermal dewetting process. 
 

 
Figure 6: AFM analysis showing Pt agglomeration on 
the untreated substrate.   
  

In contrast, the IPA-treated substrate exhibits 
a much more homogeneous distribution of Pt 
nanodots with significantly reduced particle size 

and improved spatial separation, as shown in Figure 
7. The corresponding AFM line-profile (Y-Y’) 
demonstrates a considerably smoother surface 
morphology, with height fluctuations maintained 
within approximately 3–5 nm throughout the 
scanning distance.  

Quantitatively, the IPA-treated substrate 
produced more uniformly distributed Pt nanodots 
with narrower height variation compared with the 
untreated substrate. These results clearly support 
the FE-SEM observations and confirm that IPA 
pretreatment promotes more controlled dewetting 
behavior, suppresses excessive Pt agglomeration, 
and enhances the uniformity of Pt nanodot 
formation. 
 
3.4 Surface coverage analysis of thermally dewetted 
Pt structures 
 
To provide a more reliable quantitative 
comparison, surface coverage analysis was 
performed using ImageJ software. The FE-SEM 

Figure 7: AFM analysis showing Pt agglomeration on 
the IPA-treated substrate. 
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images were converted into binary images through 
threshold processing, and the Pt-covered regions 
were quantitatively analyzed to determine the 
percentage of surface coverage. Based on the 
ImageJ analysis, the untreated substrate exhibited 
a relatively high Pt surface coverage of 
approximately 68.4%, as shown in Figure 8(a), 
indicating the presence of remaining 
interconnected Pt structures and incomplete film 
breakup after thermal dewetting. In contrast, as 
shown in Figure 8(b), the IPA-treated substrate 
showed a substantially lower Pt surface coverage 
of approximately 34.7%, confirming the formation 
of more isolated and discrete Pt nanodots with 
enhanced particle separation. 
 

 

 
Figure 8: ImageJ-assisted quantitative surface 
coverage analysis of thermally dewetted 10 nm Pt 
films deposited on quartz substrates after 
annealing at 700 °C: (a) untreated substrate and (b) 
IPA-treated substrate. 
 

The significant reduction in Pt surface 
coverage after IPA treatment suggests that the IPA-
modified substrate promoted more effective thermal 
dewetting, enhanced film rupture, and suppressed 

excessive particle coalescence. These quantitative 
results support the FE-SEM observations and 
confirm that IPA surface treatment facilitated the 
transition from fragmented Pt film structures to 
uniformly dispersed Pt nanodot formation. 

 
3.5 Surface modification effects on thermal 
dewetting behavior and Pt nanodot formation 
 
Figure 9 illustrates the schematic diagram of the 
interfacial structure between a platinum (Pt) film 
and a glass substrate mediated by an intermediate 
IPA layer. At the bottom, the glass substrate 
contains surface silanol groups (Si–O–H), which 
are characteristic of hydroxylated silica surfaces. 
These silanol groups can form hydrogen bonds 
with the oxygen atom of the isopropanol (IPA) 
molecule. The IPA molecule is oriented such that 
its hydroxyl (–OH) group interacts with the silanol 
group, while its alkyl and branched carbon chains 
extend upward toward the Pt film [43]-[45]. 

At the top interface, the hydrogen atom of the 
IPA hydroxyl group interacts with the Pt surface, 
indicating possible weak adsorption or interfacial 
interaction between the metal film and the organic 
layer. The alkyl chain and branched structure 
provide a molecular bridge between the inorganic 
glass substrate and the metallic Pt film. Overall, 
the figure represents a molecular-level interfacial 
model explaining how IPA molecules can mediate 
adhesion or influence surface chemistry between a 
hydroxylated glass surface and a deposited 
platinum thin film. This increase in available polar 
functionalities raises the surface energy of the 
substrate (𝛾𝛾𝑆𝑆) [46]-[48]. According to Figure 10 
and Young’s equation (1), the balance of 
interfacial tensions at the three‐phase contact line 
is given by 

 
𝛾𝛾𝐼𝐼 −  𝛾𝛾𝑆𝑆 =  − 𝛾𝛾𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃𝑐𝑐                    (1) 

where 
 𝛾𝛾𝑀𝑀  is the surface energy of the Pt (dot) 
 𝛾𝛾𝑆𝑆  is the surface energy of the substrate  
 𝛾𝛾𝐼𝐼 is the interfacial energy between the Pt 
(dot) and substrate 
 𝜃𝜃𝑐𝑐 is the equilibrium contact angle of the Pt 
dot on the substrate 

a) 

b) 
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Figure 9: Proposed schematic illustration of 
molecular interactions at the Pt/IPA/quartz interface, 
including possible hydrogen bonding between IPA 
molecules and surface silanol groups. 
 

 
 

Figure 10: Schematic illustration of the equilibrium 
contact angle (𝜃𝜃𝑐𝑐) of a Pt nanodot on a quartz substrate 
according to Young’s equation. 
 

When the surface energy of the substrate 
increases via IPA treatment, equation (1) implies that 
cos 𝜃𝜃𝑐𝑐 must increase (assuming 𝛾𝛾𝑆𝑆   and 𝛾𝛾𝐼𝐼 remain 
effectively constant), which in turn means that the 
equilibrium contact angle  𝜃𝜃𝑐𝑐 decreases. A lower 
contact angle reflects improved wettability of the Pt 
film on the quartz surface. 

Improved wettability induced by IPA 
pretreatment significantly modifies the interfacial 
energy balance governing the thermal dewetting 
process, which can be described by Young’s equation. 
The removal of adventitious hydrocarbons and the 
exposure of surface hydroxyl groups increase the 

solid–vapor interfacial energy (𝛾𝛾𝑠𝑠), leading to a 
reduction in the equilibrium contact angle (θ) and an 
enhancement of Pt–substrate adhesion. This increase 
in adhesion energy stabilizes the as-deposited Pt thin 
film, suppressing random pinhole formation and 
favoring the initiation of voids at energetically 
favorable and spatially reproducible defect sites, 
thereby establishing well-defined nucleation centers 
for subsequent dewetting. 

During annealing, the presence of a 
homogeneous wetting layer results in a more uniform 
surface chemical potential landscape, enabling 
isotropic diffusion of Pt adatoms across the substrate 
rather than localized mass transport toward a limited 
number of dominant nuclei. Consequently, the 
dewetting process evolves in a controlled and spatially 
uniform manner, yielding Pt nanodot arrays with high 
areal density and narrow size distributions. In contrast, 
untreated substrates with lower  𝛾𝛾𝑠𝑠 and larger θ  exhibit 
weaker adhesion and greater interfacial instability, 
leading to irregular film rupture, heterogeneous 
adatom diffusion, and the formation of fewer, highly 
polydisperse agglomerates. These results demonstrate 
that IPA pretreatment provides a simple yet effective 
route for tuning  𝛾𝛾𝑠𝑠  and the associated thermodynamic 
driving forces to achieve reproducible, high-density Pt 
nanodot arrays via thermal dewetting. 

 

4 Conclusions 
 
This study demonstrated that thermal dewetting of 10 
nm Pt thin films on quartz substrates can produce self-
assembled Pt nanodot structures without the use of 
lithographic processes. The experimental results 
revealed that annealing temperature and substrate 
surface condition strongly influenced the 
morphological evolution of Pt nanostructures during 
thermal dewetting. For untreated quartz substrates, the 
Pt films remained partially interconnected and formed 
irregular agglomerated structures even at high 
annealing temperatures. In contrast, IPA-treated 
substrates promoted more uniform film breakup and 
facilitated the formation of smaller, more isolated, and 
more uniformly distributed Pt nanodots. The in situ 
hot stage-assisted FE-SEM observations clearly 
confirmed the continuous morphological 
transformation of Pt films during annealing in the 
temperature range of 400–700 °C. Quantitative 
surface coverage analysis further supported the FE-
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SEM observations, showing that IPA treatment 
enhanced the thermal dewetting process and reduced 
the remaining interconnected Pt structures on the 
substrate surface. In addition, the IPA-treated samples 
exhibited stronger and steeper absorbance features 
compared with untreated substrates, indicating 
morphology-dependent optical responses associated 
with improved Pt nanodot uniformity. Overall, the 
present study experimentally confirms that IPA 
surface treatment plays an important role in 
controlling the thermal dewetting behavior and 
nanodot formation of Pt thin films on quartz 
substrates. 
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