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A B S T R A C T

The increasing global demand for hydrogen as a sustainable energy carrier has driven the development of 
advanced hydrogen storage and release technologies. Liquid Organic Hydrogen Carriers (LOHCs), such as 
methylbenzyl naphthalene (MBN), offer a promising solution due to their high hydrogen storage capacity and 
favorable dehydrogenation properties. This study investigates the dehydrogenation of perhydro-MBN (H16-MBN) 
using Pt/TiO2 catalysts, with an emphasis on enhancing hydrogen yield while minimizing byproduct formation. 
An exponential increase of byproduct selectivity was observed as the hydrogen yield increased, which should be 
attributed from the excessive catalytic play of highly active Pt nanoparticles on TiO2 surface. Through systematic 
experiments, sulfur-doped Pt/TiO2 catalysts were found to effectively reduce side reactions and achieve a marked 
improvement in H2 yield compared to conventional Pt-based systems, finally escaping from an exponential trend 
between hydrogen yield and byproduct selectivity. The study reveals that sulfur doping moderates the activity of 
Pt, thereby suppressing unwanted byproducts and enhancing catalyst stability. These findings underscore the 
potential of sulfur-doped Pt/TiO2 catalysts in optimizing LOHC systems, offering a scalable and efficient 
approach to hydrogen storage and release.

1. Introduction

The global demand for clean and renewable energy has driven 
extensive research into hydrogen storage and transportation technolo-
gies. Among various hydrogen storage methods, Liquid Organic 
Hydrogen Carriers (LOHCs) have emerged as a promising solution due to 
their safety, efficiency, and scalability in hydrogen storage and transport 
[1–9]. A major challenge in developing effective LOHC systems lies in 
optimizing the dehydrogenation process, which is endothermic, typi-
cally requires high temperatures to release hydrogen, and proceeds 
relatively slower than the hydrogenation process. At the high tempera-
ture of dehydrogenation process, it can result in side-reactions that 
generate undesirable byproducts, thereby reducing overall efficiency 
[10–12]. Recent studies have highlighted the need for LOHC compounds 
with lower dehydrogenation enthalpies to minimize energy input, as 
well as catalysts that selectively promote hydrogen release while sup-
pressing side reactions [5,6,13–16].

Methylbenzyl naphthalene (MBN) has been identified as a promising 
LOHC compound due to its favorable properties, including a high 
hydrogen storage capacity of 6.49 wt% and a significantly lower dehy-
drogenation enthalpy (55.1–55.9 kJ mol− 1) compared to other homo-
cyclic LOHCs [17]. However, previous studies have shown that 
dehydrogenation of perhydro-MBN (i.e., H16-MBN) over Pt-based cata-
lysts, such as Pt/Al2O3, Pt/CeO2, and Pt/TiO2, leads to the formation of 
undesirable byproducts, particularly dihydrotetracene (DT) isomers. 
These byproducts complicate the dehydrogenation process by exceeding 
the theoretical hydrogen release capacity and forming solid residues, 
which are difficult to separate from the LOHC system. Furthermore, the 
sustainable H2 release/storage using stable LOHCs could not be realized.

The choice of catalyst is crucial for achieving high dehydrogenation 
efficiency and selectivity in LOHC systems. Pt-based catalysts supported 
on metal oxides, such as TiO2, have demonstrated potential in boosting 
hydrogen yield while minimizing byproduct formation. However, the 
catalytic performance of Pt/TiO2 remains slightly inferior to that of Pt/ 
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Al2O3 and Pt/CeO2 catalysts, indicating the need for further optimiza-
tion. Recently, sulfur doping has been proposed as a strategy to adjust 
the catalytic activity of Pt by selectively poisoning low-coordinated sites 
that often exhibit uncontrollable catalytic activity, thereby curbing 
excessive catalyst activity and mitigating side reactions [18–21]. Auer 
et al. demonstrated that sulfur selectively modifies Pt/Al2O3 catalysts by 
blocking low-coordinated defect sites, thereby increasing dehydroge-
nation efficiency and reducing the formation of side-products such as 
high-boiling components [18]. Similarly, Chen et al. highlighted the 
effectiveness of sulfur as a selective poison on Pt/TiO2, where its 
interaction with the catalyst surface suppresses undesired reactions and 
enhances hydrogen release efficiency through strong metal-support in-
teractions (SMSI) [19]. Both studies emphasized that the optimal sulfur 
loading is important to balance the promotion and poisoning effects, 
which can improve activity, selectivity, and stability of the catalytic 
systems.

Building upon these findings, this study investigates the dehydro-
genation of H16-MBN using sulfur-doped Pt/TiO2 catalysts to improve 
hydrogen yield and minimize byproduct formation. We investigate the 
effects of Pt loading and sulfur doping on the structural and electronic 
properties of the catalyst, as well as their impact on dehydrogenation 
performance. Notably, sulfur doping not only significantly reduced the 
byproduct formation but also enhanced hydrogen yield, demonstrating 
its dual benefit in optimizing catalytic performance. Through a sys-
tematic evaluation of dehydrogenation kinetics at various temperatures, 
this study aims to provide insights into optimizing catalyst design for 
efficient hydrogen release in LOHC systems.

2. Experimental section

2.1. Materials preparation

2.1.1. Synthesis of mesoporous TiO2
Mesoporous TiO2 was synthesized using a previously reported 

method [22]. For a typical synthesis of TiO2, 1.0 g of HO 
(CH2CH2O)20(CH2CH(CH3O)70(CH2CH2O)20H (EO20PO70EO20, triblock 
copolymer; Pluronic P123, Sigma–Aldrich) was dissolved in 10.0 g of 
ethanol in a polypropylene bottle. Next, 0.01 mol of titanium precursor 
(TiCl4 (Daejung)) was added to the obtained solution under vigorous 
stirring at room temperature for 1 h. The resultant mixture was 
dispersed in an open Petri dish followed by the gelation at 40 ◦C in air for 
4 d. During gelation, the inorganic precursor was hydrolyzed and 
polymerized into a metal oxide network that incorporated the P123 
triblock copolymer as a mesopore generating agent. Subsequently, the 
as-prepared bulk samples were calcined at 400 ◦C for 5 h in air to remove 
the organic species.

2.1.2. Metal loading
Pt metal nanoparticles were supported on the surface of mesoporous 

TiO2 via wet impregnation with desired Pt loadings of 1, 3, and 5 wt%. 
During impregnation, 1.0 g of mesoporous TiO2 was suspended in 100.0 
mL of deionized water in a round bottomed glass flask. A desired amount 
of H2PtCl6⋅6H2O (Daejung) was added to this solution, and the resultant 
mixture was stirred for 1 h at room temperature. The TiO2 supports 
impregnated with H2PtCl6⋅6H2O were obtained by evaporating the 
deionized water using a rotary evaporator at 180 rpm and 60 ◦C, fol-
lowed by overnight drying at 100 ◦C. Subsequently, the Pt metal 
nanoparticles supported on mesoporous TiO2 were calcined at 400 ◦C for 
4 h in air. The obtained catalysts were denoted as 1PtT, 3PtT, and 5PtT, 
where the numbers indicate the Pt loadings (wt%) on the TiO2 supports. 
The loading of Pd, Pt-Sn, and Pt-S was carried out in the same manner as 
the wet impregnation mentioned above, using PdCl2 (Daejung), SnCl2 
(Daejung), and (NH4)2SO4 (Daejung) as the respective precursors.

2.2. Material characterization

X-ray diffraction (XRD) patterns were acquired using a Rigaku 
MiniFlex 600 apparatus equipped with Cu Kα radiation (λ = 0.1541 nm) 
at 600 W (40 kV, 15 mA). All measurements were conducted under 
ambient conditions with a step size of 0.005◦, a scanning rate of 1◦

min− 1, and a 2θ range spanning from 15 to 80◦. The phase compositions 
were determined using Rietveld refinement techniques through the 
Rigaku PDXL2 software package. Transmission electron microscopy 
(TEM) images were obtained using a JEM-2100F instrument (JEOL Ltd.) 
operating at 200 kV. The elemental composition was determined by 
energy dispersive spectroscopy (EDS) (X-Max 80 T, Oxford Instruments 
plc, UK). X-ray photoelectron spectroscopy (XPS) analysis was con-
ducted utilizing a K-ALPHA + instrument (Thermo Fisher Scientific Inc.) 
equipped with a monochromatic Al Kα source connected to a 128-chan-
nel detector. Fresh powder samples were affixed to a stainless-steel 
sample holder using carbon tape and analyzed under vacuum condi-
tions of 5 × 10− 9 mbar. Gaussian − Lorentzian curve fitting was 
employed for spectral analysis of the Pt 4f, and O 1 s regions after Shirley 
baseline correction.

2.3. Reaction study

The dehydrogenation of H16-MBN was performed in a laboratory- 
made automatic reactor system, in which a customized three-neck 
glass reactor was connected with a reflux condenser, and a mineral 
oil-containing glass burette was connected with a computer-operated 
balance [23,24]. H16-MBN was prepared via organic synthesis refer-
ring to the literature published elsewhere [17]. The dehydrogenation 
was monitored in real-time using a computer. For the reaction, Pt metal 
nanoparticles supported on TiO2 were reduced under H2/Ar flows of 60- 
and 50-mL min− 1, respectively, at 350 ◦C for 2 h with a ramping rate of 
3 ◦C min− 1. For a typical reaction process, 4.835 mmol of H16-MBN was 
added to the catalyst-preloaded reactor. The Pt or Pd metal/reactant (M/ 
R) ratio was 0.27. Before each reaction, the reactor was purged with N2 
to remove air. The reactor was heated to 270 ◦C, 290 ◦C, and 310 ◦C for 
25–29 min at a ramping rate of 10 ◦C min− 1 using a heating jacket 
controlled with a proportion–integration–differentiation (PID) temper-
ature controller. The dehydrogenation was performed for 10 h and the 
H2 yield was derived by measuring the mass of mineral oil (d = 0.838 g 
mL− 1 at 25 ◦C) transferred from the burette to a beaker placed on the 
balance [23,24]. The volume of H2 released from the dehydrogenation 
of H16-MBN was monitored automatically in real-time [23]. GC − mass 
spectrometry (MS) profiles were recorded on the Agilent 7890A GC with 
5975 mass selective detector (MSD) instrument. Rate constants were 
derived from the linear plots of the H2 release during the first sharply 
increasing step at the initial state of dehydrogenation process using a 
first-order kinetic model using the below equation: 

k(min− 1) =
1

tx − ty
ln(

[H16 − MBN]y

[H16 − MBN]x
)

where k is the first-order rate constant, and tx and ty are the adjusted 
time points such that the R-square value exceeds 0.99 for optimal line-
arity in the kinetic analysis [23].

3. Results and discussion

3.1. Catalysts characterization

The XRD analysis revealed that both mesoporous TiO2 and Pt/TiO2 
with varying Pt loadings exhibited a typical anatase structure (JCPDS 
card number 21–1272) (Fig. 1(a)). The minimal structural changes 
observed across different Pt loadings can be attributed to the SMSI be-
tween Pt and TiO2, which facilitates the uniform dispersion of Pt 
nanoparticles by stabilizing smaller particles on the TiO2 surface, 
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thereby making them less visible in the XRD patterns [25–28]. The 
average particle size of TiO2, calculated from the TiO2 (101) plane using 
the Scherrer equation, was determined to be 10.30 nm. N2 adsorption/ 
desorption isotherms confirmed a typical type IV hysteresis loop, char-
acteristic of mesoporous structure (Fig. 1(b)). The BET surface area 
analysis showed comparable values for both TiO2 and Pt/TiO2 catalysts, 
ranging from 96 to 136 m2 g–1, with an average pore size of 

approximately 10 nm, as calculated using the BJH method (Fig. 1(c) and 
Table S1). These findings suggest that the mesoporous structure of TiO2 
results from TiO2 nanocrystals forming intercrystalline spaces between 
them. There were no significant changes in intrinsic mesoporous struc-
ture and average pore diameter of TiO2 after supporting Pt metal 
nanoparticles with various loadings (Fig. 1(c) and Table S1).

TEM analysis of the catalysts revealed that TiO2 consists of small 

Fig. 1. (a) XRD patterns, (b) N2 adsorption/desorption isotherms, and (c) their corresponding pore size distributions derived from the desorption branches using the 
BJH algorithm of mesoporous TiO2 and Pt/TiO2 catalysts with various Pt loadings.

Fig. 2. TEM images of (a) 1PtT, (b) 3PtT, and (c) 5PtT catalysts, and (d–f) their corresponding histograms showing the size distributions of the Pt metal 
nanoparticles.
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crystallites approximately 10–20 nm in size (Fig. 2(a–c)), forming 
intercrystalline mesopores, consistent with the particle size calculated 
by the Scherrer equation above. In each Pt-supported TiO2, Pt metal 
nanoparticles were dispersed without noticeable ununiform agglomer-
ation. The average particle size systematically increased with 1.4 nm, 
1.7 nm, 2.2 nm, as the Pt loading increased with 1, 3, and 5 wt%, 
respectively (Fig. 2(d–f)). The uniform dispersion of Pt nanoparticles 
was confirmed by EDS mapping, which showed the Pt nanoparticles 
were dispersed well throughout the TiO2 crystals regardless of Pt load-
ings (Fig. S1–S3). EDS mapping also suggested the Pt loadings of 1.7, 
2.7, and 4.1 wt% for 1PtT, 3PtT, and 5PtT, respectively (Table S2–S4).

Electronic properties of reduced PtT catalysts were analyzed using 
XPS in the Pt 4f region (Fig. S4). The Pt 4f spectra of PtT catalysts were 
deconvoluted into three peaks, corresponding to Pt0, Ptδ+, Pt2+ and Pt4+

at binding energies of approximately 70.6, 71.6. 72.2 and 73.2 eV, 
respectively (Fig. S4) [29]. By integrating the peak areas and comparing 
the peak areas, the relative proportions of metallic Pt0, Ptδ+, Pt2+, and 
Pt4+ were determined (Table S1). As the Pt content supported on TiO2 
increased, Pt exhibited a higher metallic state. This observation is likely 
due to smaller particle sizes formed at lower Pt loadings and hence SMSI 
between Pt and TiO2, which stabilizes Pt in an oxidized state at the 
interface between Pt and TiO2 [30,31].

3.2. Dehydrogenation of H16-MBN using Pt/TiO2 catalysts

In our previous studies, we demonstrated that the newly developed 
H16-MBN exhibits a faster H2 release rate and higher H2 yield compared 
to perhydro-dibenzyltoluene (H16-DBT), which is attributed to its lower 
dehydrogenation enthalpy [17]. The dehydrogenation performance of 
H16-MBN was further evaluated using Pt-supported Al2O3, CeO2, and 
TiO2 catalysts (4Pt/Al2O3, 2.2Pt/CeO2 and 1.3Pt/TiO2 catalysts, con-
taining 4, 2.2 and 1.3 wt% Pt, respectively) (Fig. S5 and Table S5) [17]. 
It should be noted that due to the significant differences in surface area 
of metal oxides and hence metal-support interaction with Pt, making a 
consistent Pt particle size with the same loading in the different metal 
oxides is difficult. Therefore, Pt nanoparticles were supported to metal 
oxides with different loadings, resulting in the formation of Pt particle 
size in the sub-nanometer range (preferably below 3 nm) with a spher-
ical shape [23,32,33]. These catalysts achieved H2 yields of 94.6 %, 
99.3 %, and 85.6 %, respectively. However, GC–MS analysis of the post- 
reaction solution revealed the presence of unexpected byproducts with a 
m/z ratio of 230, in addition to the anticipated Hx-MBN species (x = 0, 4, 
6, 10, 16) (Fig. 3). If the 100 % of H16-MBN was converted to H0-MBN 
with release of desired amount of H2, only H0-MBN with m/z ratio of 232 
should be detected. However, another product with smaller m/z ratio of 
230 were detected in GC–MS chromatogram, suggesting that the H16- 
MBN was transformed to not only desired MBN but also to undesired 

compound having smaller molecular weight. In addition, this suggests 
that the H2 generated from H16-MBN was resulted not solely from 
dehydrogenation but also from cyclization reactions, leading to the 
release of 9 H2 (from m/z = 248 to 230), which exceeds the theoretical 
limit of 8 H2 generated from the dehydrogenation of H16-MBN to MBN. 
The major unexpected dehydrogenated species is suggested by GC–MS 
as dihydrotetracene (DT, m/z = 230) isomers (Fig. 3), which are solid at 
room temperature, complicating the separation from the LOHC and 
solid-phase catalyst. Among the evaluated catalysts, TiO2 showed the 
lowest production of byproducts, making it as the preferred support 
material for this study.

The dehydrogenation reaction of H16-MBN were evaluated at various 
temperatures of 270, 290, and 310 ◦C using 1PtT, 3PtT, and 5PtT cat-
alysts, with careful attention on the byproduct formation as function of 
reaction temperatures. At 270 ◦C, all three catalysts showed similar 
hydrogen yields and selectivity, around 45 %, with only slight differ-
ences in activity (Fig. 4(a)). At 290 ◦C, the 5PtT catalyst showed a 
notable increase in H2 yield, approximately 10 % higher than those of 
the 1PtT and 3PtT catalysts (Fig. 4(b)). Both 3PtT and 5PtT catalysts 
demonstrated a rapid increase in H2 yield during the initial stages of 
reaction, which was precisely compared with the rate constants (Fig. 4, 
Table 1 and Fig. S6). Note that the rate constants were derived from the 
slope of the logarithmic plot of hydrogen concentration versus time 
using a first-order kinetic model, at an early stage of reaction to obtain 
the intrinsic catalytic activity excluding the effect of catalyst deactiva-
tion. At 310 ◦C, a similar initial rate constants were observed in all PtT 
catalysts (Table 1 and Fig. S6), which might be due to the saturation of 
intrinsic activity of each PtT catalysts (Fig. 4(c)). However, the 1PtT 
catalyst achieved the highest H2 yield of 88.6 % at 310 ◦C. The smaller Pt 
particle size in 1PtT likely enhances the desorption of intermediates and 
products, thereby facilitating more efficient adsorption and desorption 
processes [10,34–36]. However, the larger Pt particle size in other cat-
alysts might adsorb reactant, intermediate, and product species strongly 
with longer residence time, which would lower the maximum hydrogen 
yield. The relatively lower performance of the 3PtT catalyst may be 
attributed to suboptimal particle size and distribution, which is not 
favorable for optimized adsorption–desorption kinetics despite the 
higher loadings of Pt compared to 1PtT. This result suggests that 
desorption of reactant, intermediate and product species play a critical 
role in maximizing H2 yield during dehydrogenation of LOHC. 
Furthermore, it would be highly likely that byproduct formation could 
be reduced via decreased residence time of desirable dehydrogenated 
product as adsorbed on the catalyst surface.

Note that, TEM analysis and EDS mapping of 1PtT catalyst showing 
the highest hydrogen yield at various temperatures confirmed that, after 
the reaction, Pt nanoparticles in the 1PtT catalyst did not undergo sig-
nificant agglomeration via thermal sintering (Fig. S7–S8 and Table S6). 

Fig. 3. GC–MS chromatograms showing Hx-MBN (x = 0, 4, 6, 10, 16) and byproducts after dehydrogenation, with their molecular structures with various m/z ratios.
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Instead, the nanoparticles remained well-dispersed with rather a slight 
decrease in size. For the 3PtT catalyst, a slight increase in Pt particle size 
was observed from 1.7 nm to 2.0 nm, while for the 5PtT catalyst, the size 
increased from 2.2 nm to 2.7 nm (Fig. S9–S12). This observation in-
dicates a strong interaction between Pt nanoparticles and the TiO2 
surface via SMSI effect, even at elevated reaction temperatures up to 
310 ◦C, effectively mitigating sintering and maintaining catalytic 
performance.

3.3. Breaking an exponential relationship between H2 yield and byproduct 
selectivity

To achieve reversible dehydrogenation and hydrogenation of LOHCs 
for sustainable hydrogen release and storage, it is prerequisite to 
develop a catalyst with balanced activity and selectivity, maximizing 
hydrogen yield while minimizing byproduct formation occurring 
through undesired reaction pathway. Based on our reaction studies 

above, we plotted catalytic activity, represented by H2 yield, against 
byproduct selectivity, represented by DT isomers as the major byprod-
uct, to investigate their relationship (Fig. 5). The maximum H2 yield 
obtained from the series of PtT catalysts at three different temperatures 
of 270 ◦C, 290 ◦C, and 310 ◦C as shown in Table 1, was plotted as a 
function of byproduct selectivity. The resulting graph shows that 
byproduct selectivity increases exponentially with increase of H2 yield. 
The result clearly suggests that avoiding byproduct formation becomes 
increasingly challenging as catalytic activity intensifies.

We also prepared two additional catalysts for dehydrogenation of 
H16-MBN (Fig. 6 and Table S9): TiO2 supporting 1 wt% of Pd nano-
particles (1PdT), and Sn-doped Pt supported TiO2 catalyst (1Pt1.8SnT). 
The first catalyst, Pd on TiO2, is commonly used for hydrogenation or 
dehydrogenation reactions, but its catalytic activity differs from Pt- 
based nanoparticles depending on the target molecules [9,37,38]. 
When we tested 1PdT at 310 ◦C, its catalytic activity was significantly 
lower than that of 1PtT at the same temperature. The byproduct 

Fig. 4. Time-dependent H2 release profiles obtained during the dehydrogenation of H16-MBN over various Pt/TiO2 catalysts at (a) 270, (b) 290, and (c) 310, with (d) 
their average catalytic performances of H2 yield, and product selectivity of Hx-MBN (x = 0, 4, 6, 10, 16) and byproduct (DT).

Table 1 
Catalytic performances of dehydrogenation of H16-MBN using Pt/TiO2 catalysts.

Catalyst M/R ratio MBN 
(g)

Temp. Selectivity (%) H2 yield (%) Rate constant (min− 1)
H16 H10 H6 H4 H0 DT

1PtT 0.27 1.3 270 41.3 23.4 14.5 2.1 17.4 1.3 45.7 0.055
290 35.4 24.2 10.0 3.5 25.2 1.8 60.0 0.056
310 16.0 13.5 5.5 6.5 49.7 8.8 88.6 0.104

3PtT 270 42.1 25.7 18.2 2.6 10.4 1.0 45.6 0.058
290 35.6 25.6 17.4 4.1 15.7 1.7 62.0 0.093
310 30.4 25.3 11.0 5.2 25.1 3.0 70.1 0.097

5PtT 270 37.4 28.5 13.8 2.2 16.6 1.4 49.6 0.065
290 20.5 23.2 11.0 3.8 36.6 5.0 72.1 0.099
310 15.9 17.5 7.0 5.3 46.9 7.4 83.6 0.102
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selectivity remained below 0.5 %, but the relationship between H2 yield 
and byproduct selectivity still followed an exponential graph, confirm-
ing that H2 yield is still proportional to byproduct selectivity. For the 
second catalyst, 1.8 wt% of Sn doping into the 1PtT catalyst notably 
reduced activity compared to the undoped 1PtT (Fig. 6 and Table S9). 
This reduction in activity is likely due to the dilution of Pt active sites by 
Sn and the formation of a PtSn alloy [39–43]. Similar to the 1PdT 
catalyst, the plot of H2 yield versus byproduct selectivity adhered to the 
exponential trend, indicating no deviation from the observed 
relationship.

However, when 0.3 wt% of S (Sulfur) was doped into 1PtT catalyst to 
create 1Pt0.3ST, the relationship between H2 yield and byproduct 
selectivity deviated successfully from the previously observed expo-
nential trend (Fig. 5). The 1Pt0.3ST achieved nearly 90 % of H2 yield 
with byproduct selectivity below 1.0 % (Fig. 6 and Table S9). Compared 
to the 1PtT catalyst, which showed the highest H2 yield at 310 ◦C, 
byproduct selectivity decreased by an order of magnitude, while the 
catalytic activity remained at approximately 90 % of H2 yield. It has 
been widely reported that sulfur can bind readily to low-coordinated 
sites, such as kinks and edges on the surface of metal nanoparticles, 
resulting in the selective poisoning of excessively active catalytic sites 

[18,19,21,44,45]. Accordingly, S doping in 1PtT may possibly poison 
the active sites responsible for undesired reaction pathways that pro-
duce byproducts. Consequently, though the 1Pt0.3ST catalyst exhibited 
slower dehydrogenation rate than 1PtT (Table S9 and Fig. S13), but it 
could effectively break free from the exponential relationship between 
H2 yield and byproduct selectivity.

Structural characterization of 1Pt0.3ST further corroborates these 
findings. XRD analysis of the 1Pt0.3ST catalyst revealed a typical 
anatase structure, with no observable peaks corresponding to the minor 
amounts of supported Pt and S, even after the reaction (Fig. S14). TEM 
analysis showed that the average Pt particle size increased only slightly 
from 1.7 nm before the reaction to 1.8 nm after the reaction, wherein a 
minimal size change is consistent with the behavior observed in the 1Pt 
(Fig. S15). EDS analysis confirmed the presence of trace amounts of 
supported S (Fig. S16–S17 and Table S10–S11). Moreover, XPS analysis 
of Pt 4f region highlighted key differences between 1PtT and 1Pt0.3ST 
(Fig. S18). In the 1Pt0.3ST catalyst, the S species were found to adsorb 
onto the Pt, partially covering the surface and reducing the intensity of 
the Pt signal. This interaction also altered the electronic environment of 
Pt atoms, as evidenced by a binding energy shift in the Pt 4f region to 
higher energy levels [46]. This shift is attributed to charge transfer from 
Pt to S, further emphasizing the role of S in modulating catalytic 
behavior.

4. Conclusion

In conclusion, this study highlights the crucial role of catalyst design 
in optimizing the dehydrogenation processes for LOHC systems, spe-
cifically using H16-MBN as the hydrogen carrier. Our findings demon-
strate that while increasing Pt content on TiO2 enhances hydrogen yield, 
it also leads to an exponential increase in byproduct selectivity, posing a 
challenge for clean hydrogen production. Through the introduction of 
sulfur doping, we effectively disrupted this trend, achieving nearly 90 % 
H2 yield with significantly reduced byproduct formation. This selective 
suppression of byproducts via sulfur doping is attributed to the targeted 
poisoning of highly active sites responsible for undesired reaction 
pathways. The results emphasize the potential of sulfur-doped Pt/TiO2 
catalysts in balancing activity and selectivity, paving the way for more 
efficient, scalable, and sustainable LOHC systems that minimize side 
reactions. Future work will focus on further refining catalyst properties 
and exploring additional dopants to enhance LOHC performance under 
varying reaction conditions.
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