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Abstract – The study of scattering dynamics in thermal environments around Proton Exchange Membrane Fuel Cell 

(PEMFC) electrode is crucial for understanding the behavior of charge carriers and the impact of thermal gradients 

on fuel cell performance. The aim of this work is to develop theoretical model of the Differential Cross Section (DCS) 

around the anode of PEMFC, focusing on electron interactions within thermal environment generated during H2/Pt 

reactions. The developed theoretical model, explores the DCS dynamics under varied parameters such as scattering 

angles, incident electron energies, separation distances between target and incident electrons, considering both 

temperature effects and their absence. The findings unveil intricate DCS patterns across diverse conditions, offering 

significant insights into PEMFC efficiency and performance. On comparisons across three polarization scenarios 

reveal distinctive DCS trends, with linear polarization exhibiting lower values compared to circular, and circular 

polarization lower than elliptical, concerning scattering angle, energy, and distance separation. Moreover, the study 

investigates the interplay between DCS and PEMFC current production, the interaction between quantum species 

formation around electrode resultant output current. The computed of model highlight the influence of interaction 

surface size, charge analysis, and electrode current density on DCS behavior, providing pathways for optimizing 

PEMFC performance. Additionally, the study examines temperature variations within PEMFC in relation to current 

density and surface area. The results underscore complex relationships between these factors, emphasizing their 

implications for thermal management strategies in PEMFC design. Overall, this study offers comprehensive insights 

into the intricate dynamics of DCS within PEMFC, furnishing valuable guidance for enhancing PEMFC efficiency 

and performance across diverse operational contexts. 
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 1. INTRODUCTION 

A PEMFC is an electrochemical device that converts 

chemical energy from hydrogen fuel into electrical 

energy through a process involving protons (H⁺), 

electrons, and oxygen. It consists of an anode, a cathode, 

and a proton-conducting polymer membrane (the 

electrolyte). Hydrogen is supplied at the anode, where it 

splits into protons and electrons. The protons pass 

through the membrane, while the electrons travel 

through an external circuit, generating an electric 

current. At the cathode, protons and electrons combine 

with oxygen to form water. PEMFCs are known for their 

high efficiency, low operating temperature (typically 

between 60°C and 100°C), and low emissions, making 

them suitable for applications in transportation, portable 

power, and stationary power generation. In the context 

of scattering under the influence of a laser field, the 

DCS refers to the probability distribution of particles 

being scattered at specific angles and energy states when 
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subjected to a laser's electromagnetic field. When 

particles such as electrons, protons, or atoms scatter in 

the presence of a laser, the laser field can interact with 

the particles and alter their trajectories and energy states 

through photon absorption or emission processes. The 

DCS in the presence of a laser field helps describe how 

the scattering of particles is influenced by the laser, 

providing insights into the interaction dynamics between 

the particles and the electromagnetic field. 

Dhobi et al. analyse the thermodynamic properties 

of thermal electrons involved in scattering events, filling 

a gap in previous research in which such interactions 

involving thermal electrons within the context of 

the laser field have never been adequately investigated. 

By modelling the thermal Hamiltonian within the 

context of the laser field, the investigation uses the 

partition function to investigate these thermodynamic 

features, providing insights into the difficulties of 

DCS determinations [1]. Banerji and Mittleman 

explored the elastic scattering of electrons via hydrogen 

atoms in the context of linearly polarised strong lasers, 

revealing considerable differences in their laser-

modified DCS from previous findings [2]. Furthermore, 

Bhattacharya et al. investigated the elastic scattering of 

electrons via hydrogen atoms in the presence of two 

linearly polarised laser fields, providing knowledge 

about the DCS results' dependency on different 

geometrical configurations along with laser field 

characteristics [3]. Dahiri et al. analyzed electron-

nucleon scattering processes in the presence of 

circularly polarized electromagnetic pulses, revealing 
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reductions in the differential cross-section and form 

factor when laser fields are applied, while providing 

comparative insights between electron-proton and 

electron-neutron scattering scenarios [4]. This research 

does not explore the interactions between quantum 

species in an environment created by self-generated 

thermal radiation. Previous studies have used artificial 

lasers to perturb the system. However, in this research, 

the system is perturbed by the self-energy generated by 

the exothermic reaction, where the energy produced is in 

the form of heat, considered as IR frequency or an IR 

laser field. The perturbed system in this study is self-

created by the exothermic reaction inside the PEMFC. 

In contrast, artificial laser-assisted scattering, 

which has evolved since the 1960s, with seminal 

theories proposed by Kroll and Watson, and Byron and 

Joachain, has led to the development of numerous 

models. However, these theories and models have 

largely overlooked the thermal dynamics of scattering 

systems, particularly interactions involving electrons 

and atoms in a thermal environment. A critical gap in 

the literature concerning thermal cases was identified, 

which was addressed in 2020 by Dhobi et al., who 

formulated a thermal wave function for electrons in a 

linearly polarised laser field. Subsequently, in 2024, this 

developed wave function was employed to investigate 

the DCS in a linearly polarised laser field. Building 

upon these advancements, this study aims to explore the 

DCS utilizing the thermal wave function and thermal 

Coulomb potential. The wave function adopted from 

Dhobi et al. is paired with the thermal Coulomb 

potential, as proposed by Solovyev et al., 

comprehensively examine the thermal aspects of 

scattering dynamics [5]. Dhobi et al. developed a 

mathematical model to investigate the interaction 

between the Hamiltonian containing quantum entities 

near the PEMFC electrode as well as the PEMFC 

output., focusing on the DCS and current in a thermal 

environment [6]. To achieve the desired voltage, 

PEMFCs rated close to 0.7 V are arranged in series and 

parallel combinations. While previous studies have 

focused on the system Hamiltonian, defined as the sum 

of the total energy of sub-components with their 

interactions [7], our proposed Hamiltonian is 

specifically the sum of the potential and kinetic energy 

of quantum species formed around the electrode of the 

system. 

Energy is one amongst the most significant forces 

driving the world economy. Despite ongoing study and 

investigation into other energy sources, fossil fuels 

remain dominant. There are various harmful 

environmental impacts associated with fossil fuels. To 

remove the negative effect impact on the environment 

by fossil fuel one of the best alternative renewable 

energies is hydrogen. To convert hydrogen into energy a 

device fuel cell is one of the most demanding green 

technologies with a variety of uses, that range from a 

small tiny gadget to a large one [8]. A lot of 

investigation is being done to improve performance, 

endurance, efficiency in costs, and eliminate the 

limitations of fuel cells. Japan's New Energy as well as 

Industrial Technology Development Organisation is 

aiming for short and long-term power density targets of 

6 kilowatts per liter by 2030 and 9 kilowatts per liter by 

2040 [9-10]. Japan plans to manufacture 200,000 

automobile FCEVs by 2025, the United Kingdom aims 

to manufacture a large number of FCEVs (cars, trucks, 

and buses), while China aims to produce one million 

FCEVs until 2030. The hydrogen fuel cell industry has 

expanded quickly in the past few years, with around 

70,000 systems using fuel cells producing 

approximately USD 2.3 billion annual revenue. More 

than 300,000 standalone fuel cells are in operation 

worldwide, including 14,000 hydrogen-powered fuel-

cell vehicles on the road and approximately 300 

hydrogen-refueling stations by 2050 [11]. 

Optimization of bipolar plate flow channels to 

enhance mass transfer and water removal, where a 

contraction ratio of 0.25 and specific channel designs 

improve PEMFC performance under certain conditions 

[12]. The impact of elevated temperatures (80-95°C) on 

PEMFC performance, indicating increased ohmic loss, 

reduced ECSA, and the influence of humidity on current 

density [13]. Flow field design for improving water-gas 

transport characteristics, emphasizing the need for cost-

effective commercial flow field plates [14]. Advances in 

small-scale PEMFC applications, focusing on portable 

and stationary power solutions [15]. Detailed analysis of 

membrane and bipolar plate materials and their 

production methods [16]. However, no studies were 

found that investigate the relationship between DCS and 

PEMFC parameters such as current and voltage, leaving 

this an unexplored area. 

To improve the efficiency of PEMFCs, optimizing 

the interactions between electrons, protons, and 

hydrogen molecules around the electrodes is crucial. 

While various factors affect PEMFCs performance, this 

work focuses on the interactions between quantum 

species (electron, proton, and hydrogen) around the 

electrode in a photonic field, with different IR 

frequencies generated during the reaction. The study 

aims to investigate the scattering effects and energy 

losses associated with electron-proton collisions, as 

these interactions are critical for current and voltage 

generation in PEMFCs. The interaction time and region 

of quantum species determine the flow rate of electrons, 

known as current. Delays in these interactions can 

reduce electron flow, thereby decreasing current 

production. Additionally, the contact region influences 

the delay that occurs during electron flow. As a result, 

the goal of this study is to better understand the area of 

interaction known as DCS when there is the presence of 

an external laser field. By addressing these factors, the 

overall efficiency and performance of PEFCs can be 

substantially enhanced. This work seeks to bridge the 

theoretical understanding of scattering with practical 

green technology applications, representing its novel 

contribution. 
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1.1 Problem of Statement/Research Gap 

In 2022, Dhobi et al. studied the interaction between 

free electrons and ions, and their effect on output current 

of a PEMFC, considering the cause-and-effect 

assumption and found relationship wherein current is 

produced by quantum species around the electrode. 

However, they were unable to link the interaction region 

DCS of these quantum species with the current produced 

in the PEMFC. Understanding this interlink between 

DCS and current is crucial, as it helps determine the 

optimal region around the electrode necessary for 

maximizing current, output power and the effectiveness 

of the PEMFC. The power and efficiency are directly 

related to current production during quantum species 

flow in a thermal environment, created by the 

exothermic reaction between H2 and Pt. This reaction 

provides IR thermal radiation (1.7 eV to 1.24 mV), 

acting as a laser-assisted scattering system initiated by 

the Volkov wave function and derived using the Kroll-

Watson and Byron-Joachain approximations. This work 

aims to develop a theoretical model for the interaction 

region (DCS) around the electrode of a PEMFC and its 

relationship with the output current, aiming to improve 

the efficacy and power of PEMFC. 

1.2 Significance of Research Work  

The interconnection of the DCS with the current in a 

PEMFC significantly impacts the study of its efficiency. 

Based on this model, researchers can design experiments 

to improve PEMFC efficiency, reduce temperature 

impact, and enhance overall performance. 

Understanding the interaction region helps determine the 

optimal fuel flow density, as not all input hydrogen 

participates in the quantum species formation during the 

H2+Pt reaction. Some hydrogen remains unused and is 

recycled, increasing system complexity. By determining 

the interaction region (DCS), we can control the fuel 

rate, maximize current extraction, and improve the 

efficiency and power output of PEMFC. 

1.3 Research Gap  

While previous studies have extensively explored the 

DCS and PEMFC separately, there is a notable gap in 

research interlinking DCS with various parameters of 

PEMFC, specifically current and voltage, around the 

electrode region. No prior work has investigated how 

these factors interact in the localized thermal 

environment generated by the exothermic reaction 

between hydrogen and the electrode catalyst, along with 

collisions between electrons, protons, and hydrogen 

molecules. Additionally, while studies have referenced 

thermal conditions in PEMFC, there has been no 

experimental analysis combining the behavior of 

electrons, protons, and hydrogen in the thermal 

environment, which acts as a weak laser source, with 

temperature ranges from room temperature to 120°C. 

This integration of DCS and PEMFC under such thermal 

conditions remains unexplored and represents a 

significant opportunity for advancing the understanding 

of fuel cell dynamics. 

2. METHOD AND MATERIALS 

The dynamics system associated with an unbound 

electron within a developed laser field receive little 

attention in the literature, despite their importance in 

many domains of nuclear as well as general physics. 

Regardless of the gauge, the following Hamiltonian can 

explain a single atom electron structure that includes a 

light field with the vector potential ( ) and an 

electric field with the scalar potential ( ) [1]: 

 

(1) 

But for our system we have consider quantum 

species the Hamiltonian is consider as  

 

(2) 

where A is vector potential and p is momentum. The 

scalar potential of a hydrogen-like atom having charge Z 

is:  [5]. The time-dependent 

Schrödinger equation (TDSE) that describes the atomic 

single electron system reads: 

 
(3) 

Beyond the dipole approximation, the most famous 

gauges within strong-field physics are the Lorentz and 

Coulomb gauges [17]. 

 

 (4) 

Volkov wave function for linear polarized 

 where , is vector 

potential amplitude, consider a volume  with a number 

of photons  the energy density. Now from Equation 

(4) the linear Volkov wave function for thermal case 

[18] is obtained as:  

 

 (5) 

This is the wave function that will be used to 

explain electrons in a laser field. The solution for 

Equation (3) can be discovered in the atomic physics 

textbooks by B. H. Bransden and C. J. Joachain. Where 

 thermal the wave function (ke is 

electrons the thermal conductivity), variation in the 

temperature of electron [19]. For elliptical the modified 
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Volkov wave function for thermal electron is obtained 

using vector potential 

 and for circular 

polarized  and for linear . The scattering 

angle  is defined as .  

2.1 Current Production from PEMFC due Quantum 

Species  

In the system of a PEMFC, the inlet hydrogen produces 

electrons and protons, along with residual hydrogen and 

heat energy. This heat energy creates a system involving 

electrons, protons, and a laser field, where the laser field 

refers to the IR energy produced during the reaction. 

The interaction of these electrons, protons, and residual 

hydrogen is crucial for generating electric current in the 

PEMFC, which determines its efficiency. The Butler-

Volmer equation defines the voltage and current outputs 

of a PEMFC, which is one of the most important 

relationships within electrochemical kinetics. This 

equation explains the way the current flowing on an 

electrode relates to the electrode potential [20], 

 

(6) 

Solving for T from Equation (6) we get, 

, Here T is temperature which 

vary with reaction also known as cell temperature, I is 

current across load,  is the exchange current density, E 

is the electrode potential, and  is the equilibrium 

potential. T is the absolute temperature,  is the 

number of electrons participating in the electrode 

reaction, F is the Faraday constant, R is the universal gas 

constant, and  is the dimensionless cathodic as well as 

 is the anodic charge transfer coefficient, η is the 

activation overpotential ( ) and the value 

is , . 

2.2 DCS with Polarization  

We choose a derivation akin to that demonstrated by 

Kroll and Watson in 1973 and from relation of 

scattering matrix transition matrix we have transition 

matrix for linear polarized for different Bessel using 

DCS from [21] we have: 

 

(7) 

The first term of the formula (7) is the same as 

derived from Kim in 2022 in his doctoral dissertation 

[21], while the following one is innovative and does not 

arise at the date since the authors disregard the thermal 

scattering caused by electrons in laser fields, assume 

that  as absolute temperature of cell as 

Tcell is obtained from Equation (6). Using relation 

 [22] for n 

photon. Where  of Equation (7) is born first 

approximate obtained by Fourier transformation 

obtained as,  

 
Similar as DCS obtained for linear polarization in 

thermal environment, DCS for elliptical polarized with 

thermal electron obtained as: 

 

(9) 

Where  and assume that  is 

equivalent to absolute temperature of system. Also, the 

DCS for circular polarized with thermal electron using 

applying Kroll Watson approximation and scattering-

transition matrix is obtained as: 

 

(10) 

3. RESULT AND DISCUSSION  

The developed theory, as described by Equations (7), 

(9), and (10), was computed to investigate the behavior 

of the DCS under various parameters, including the 

scattering angle, incident energy of electrons, and 

separation distance between the target and incident 

electron, both in the absence and presence of 

temperature effects. The simulations encompassed a 

wide range of conditions: scattering angles ranging from 

0 to 360o, incident electron energies spanning from 0 to 

20 MeV (but for this work we are interest in 0 to 

0.511MeV because the energy of electron after 

formation from H2 approximate 0.511MeV and it get 

reduce due to interaction), and Bessel function orders 

ranging from 1 to 3. Furthermore, for scenarios 

involving linear polarization, the simulations considered 

scattering angles from 0 to 360o and separation distances 

between the electron and target ranging from 0 to 40 

nanometers. These comprehensive simulations enabled a 

detailed exploration of the DCS across various 

parameter spaces, shedding light on its behavior under 

different experimental conditions. 

3.1 DCS for Linear Polarization Laser Field  

The DCS exhibits a distinct trend with respect to the 

scattering angle, as observed in Figure 1 for linear 

polarized laser field interactions with thermal electrons 

and thermal potential of hydrogen atoms. This thermal 
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environment is self-created with H2 touch the electrode 

of which is coated with Pt in PEMFC system. Initially, 

the DCS sharply decreases as the scattering angle 

increases from 0 to 90o, followed by an increase 

reaching a maximum around 150o. Subsequently, the 

DCS decreases sharply again, reaching a minimum 

beyond 250o. This behavior is in accordance with 

Equation (7), which governs the nature of the DCS in 

the studied scenario. It is observed that at lower 

scattering angles (below 90o) and beyond 250o, the DCS 

is higher. However, between the angles of 90o to 250o, 

the trend is reversed, with the DCS of lower 

temperatures being higher than that of higher 

temperatures. This reversal in the nature of the DCS 

with varying scattering angles is consistent with findings 

by [23] for different screening parameters and incident 

energy cases involving Li, K, and Na. Specifically, they 

observed that the DCS is higher at smaller scattering 

angles (below 40o) for certain incident energy cases, but 

decreases with increasing scattering angle beyond 40o. 

Such a nature of the DCS is also evident in the present 

study for thermal cases. 

 

 

Fig. 1. Linear polarization with scattering angle. 

Comparing with the findings of Harris et al. for linear 

polarized laser field interactions with electron-hydrogen 

scattering, it is noted that while both studies exhibit a 

similar trend of the DCS, there are differences in the 

details [24]. Specifically, while the present study shows 

a flat nature of the DCS, Harris et al. obtained a Bessel-

type decay nature initially, followed by a reverse trend 

with further increasing scattering angles after a certain 

threshold. These observations highlight the complex and 

new nature of the DCS in electron-atom scattering 

processes under various conditions, shedding light on 

the underlying physics governing such interactions. 

The observed peaks and troughs in the DCS can be 

attributed to the phenomenon of interference between 

the laser field and the free or projected electron. 

Destructive interference leads to the formation of 

troughs, while constructive interference results in peaks. 

This behavior arises from the superposition principle, 

where the influence of the target and its surroundings 

contributes to the DCS pattern. Specifically, at lower 

incidence energies, the DCS is higher due to resonance 

effects induced by the incident electron interacting with 

the target. This resonance occurs over a longer time 

period within a smaller energy range, leading to 

pronounced peaks. Conversely, at higher incidence 

energies, the probability of electron-target interaction 

decreases, resulting in a predominance of oscillatory 

patterns in the DCS, as depicted in Figure 2. The 

resonance phenomenon primarily occurs near the fixed 

target, as the distance between the projected electron 

and the target remains constant throughout the study. 

However, the energy of the projected electron varies, 

influencing the resonance characteristics. 

 

Fig. 2. Linear polarization with incidence energy. 

Figure 2 depicts the DCS variation with incidence 

energy, revealing intriguing patterns. This suggests that 

temperature dominates the damping effect of the Bessel 

function at higher energies. Furthermore, the DCS for 

lower energy cases across different orders of the Bessel 

function, demonstrating that lower orders correspond to 

higher energies, and vice versa. However, in the higher 

energy region (>5 MeV), the DCS for higher order 

Bessel functions surpasses that of lower order functions, 

indicating a reversal in the trend. The observed trends in 

the DCS findings are consistent with previous research 

[25], which investigated linear polarized laser field 

interactions with electron-Kr scattering. A similar 

pattern was observed for elliptical and circular 

polarizations, with the DCS being higher than that of 

linear polarization. Furthermore, the DCS of elliptical 

polarization was higher than that of circular polarization. 

In general, the DCS for elliptical polarization was the 

highest, followed by circular, and then linear. 

Additionally, the DCS for the first order of the Bessel 

function was higher than for other orders.  

The DCS analysis with varying distance separation 

between the target (residual hydrogen) and the projected 

electron (formed electrode with Pt+H2 reaction), as 

illustrated in Figure 3 around electrode of PEMFC, 

sheds light on the intricate interplay between these 

parameters. Equation (6) serves as the theoretical 

foundation for understanding the DCS behavior 

concerning electron energy and distance separation 

inside PEMFCs around electrode of PEMFC. The 

observed trend indicates that the DCS increases with 
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distance separation, a phenomenon attributed to the 

widening separation between the projected electron and 

the target. This increased separation enhances the 

probability of electron-photon interaction over a larger 

spatial region, consequently leading to an elevated DCS. 

 

Fig. 3. Linear polarization with distance. 

The constructive and destructive interference 

effects become more pronounced with increasing 

distance separation between the target and the electron 

in the laser field. This is because, for a fixed incidence 

angle, the target's influence is more significant when the 

electron spends more time in close proximity to the 

target. Conversely, at shorter distances, the interaction 

phenomena are attenuated due to reduced interaction 

time, resulting in lower DCS values. Furthermore, the 

DCS variation with distance separation at different 

temperatures. The observations reveal that higher 

temperatures of thermal electrons and thermal potentials 

correspond to higher DCS values, particularly for 

separation distances up to 3 nm. Beyond this threshold, 

the DCS begins to decrease, indicating a transition 

towards destructive interference effects dominating over 

constructive ones. Interestingly, the temperature effect 

remains prominent until approximately 4.5 nm 

separation distance, beyond which its influence 

diminishes, consistent with the onset of destructive 

interference. A similar pattern was observed for 

elliptical polarization based on Equation (9) and circular 

polarization based on Equation (10), with the DCS being 

higher than that of linear polarization. Additionally, the 

DCS for elliptical polarization was higher than that of 

circular polarisation. In general, the DCS was highest 

for elliptical polarization, followed by circular, and then 

linear.  

The investigation into the DCS concerning 

scattering angle in the elliptical case unveils a nuanced 

behavior characterized by a decrease in DCS at very 

small scattering angles. This intriguing observation, 

depicted in Figure 4, can be attributed to the inherent 

properties of the Bessel function, particularly within the 

narrow region between 1.55° to 1.60°, as elucidated by 

Equation (9). The oscillatory nature of the Bessel 

function gives rise to constructive and destructive 

interference phenomena, resulting in a gradual decline in 

DCS with increasing scattering angle. Notably, the DCS 

associated with the first-order Bessel function surpasses 

that of higher orders, underscoring the dominance of 

interference effects. 

 

Fig. 4. Elliptical polarization with scattering angle. 

Moreover, the influence of temperature on DCS at 

varying scattering angles. The observations reveal a 

direct correlation between temperature and DCS, with 

higher temperatures yielding elevated DCS values, 

particularly for the first-order Bessel function. This 

temperature-dependent behavior can be elucidated 

through Equation (9), where temperature directly 

influences the interaction dynamics between atoms and 

electrons, leading to atom expansion and subsequent 

enhancement of DCS with increasing temperature. The 

distinctive features observed in the DCS plots, such as 

the downward peaks indicative of destructive 

interference and the straight lines representing the 

superposition of waves with equal amplitude, 

underscore the intricate interplay between interference 

effects and scattering phenomena. The DCS for elliptical 

polarization was greater than for circular polarization, 

and the DCS for circular polarization was greater than 

for linear polarization, as a function of the scattering 

angle. Elliptical and circular polarizations exhibited 

constructive and destructive interference predominantly 

in the lower scattering angle region, whereas linear 

polarization showed minimal interference, primarily at 

higher scattering angles. 

The study of DCS with parameters such as 

scattering angle, momentum, and distance separation 

demonstrates how the interaction region around the 

electrode fluctuates in a thermal environment (Figure 1 

to Figure 4). This analysis is crucial for determining the 

optimal conditions for enhancing the efficiency of 

PEMFC, as referenced in sources (10) and (6). In terms 

of the screening effect, a lower DCS is more favorable. 

Lower DCS values indicate reduced screening, which 

allows electrons to move more freely within the system. 

This lower screening effect means that fewer electrons 

are blocked or diverted, enabling more electrons to 

participate in the current generation process. As a result, 

the overall efficiency of the PEMFC is increased, since a 

higher flow of electrons through the circuit enhances 

current production. 
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On the other hand, when focusing on interaction 

dynamics, a higher DCS is preferred. High DCS values 

suggest a stronger likelihood of electron-proton and 

molecule-molecule interactions. This increased 

interaction facilitates better electron generation, 

contributing to a more efficient current flow. However, 

with higher DCS, the probability of electron screening 

also increases. While high DCS supports greater 

interaction, the dominant screening effect might resist 

the flow of electrons, creating a trade-off between 

interaction and screening. Thus, while higher DCS 

promotes electron generation, excessive screening may 

limit the flow of electrons, impacting the fuel cell's 

efficiency. Therefore, balancing the DCS is essential to 

optimize both the electron interaction and screening 

processes, ultimately improving the overall performance 

of PEMFCs. 

3.2 DCS and Current Production of PEMFC 

Considering Equation (7), which is linked to the 

temperature generated within the fuel cell around the 

electrode, and Equation (6) of the PEMFC current, it is 

observed that when electrons are generated, thermal 

energy is also generated, akin to laser-assisted 

scattering. In this research, two activation potentials of 

Pt/C (40 mV and 55 mV), two electrons (H2) to many 

electrons (H2), with anodic and cathodic charge transfer 

coefficients summing to 1, F as the Faraday constant, R 

as the universal gas constant, and  as the exchange 

current density are considered. Figure 5 illustrates the 

impact of the resultant output current generated by 

PEMF due to quantum species formed around the 

electrode of the PEMFC. Figure 5(a) represents a single 

hydrogen flow as input, while Figure 5(b) shows the 

effect of 100 hydrogen flow as input gas. Both figures 

depict that the DCS increases with the resultant current 

increase. The DCS for a single hydrogen flow is 

observed to be generated and widely varied compared to 

200 electrons. Initially, for 200 electrons, the DCS 

decreases with resultant current production due to 

destructive interference between quantum species and 

screening effects between quantum species formed due 

to inlet fuel. However, with increasing resultant output 

current, the DCS increases due to superposition and 

increasing flow rate with Coulomb repulsion. A similar 

trend is observed for Pt/C 55 mV, but the DCS is 

slightly higher (about 0.2 a.u.) than for 40 mV, 

considering other parameters constant. 

  

Fig. 5. Impact of resultant output current on DCS among 

quantum species produce by (a) 1 cm2 and (b) 5 cm2 with 

flow of one H2 per millsec and 100 H2 per millisec for 

activation potential Pt/C 40mV. 

Figure 6 illustrates the impact of interaction 

surface size on hydrogen production, with 200 and 2000 

electrons respectively generated by hydrogen when 

interacting with the Pt electrode. In Figure 6(a) and (b), 

it is evident that the DCS increases with the resultant 

output current of the PEMFC. This indicates that the 

interaction region expands with increasing current and 

the number of electrons formed during the H2/Pt 

reaction. However, it's noteworthy that while the 

interaction region increases with 2000 electrons, the 

DCS remains constant. This suggests that the DCS does 

not increase with current because the dimension of the 

electrode is fixed, and the density of quantum species is 

also fixed. The higher interaction region observed with 

2000 electrons can be attributed to screening effects 

between quantum species, which enhance the interaction 

region despite the fixed electrode dimensions. 

  

Fig. 6. Impact of resultant output current on DCS among 

quantum species produce by (a) 1 cm2 and (b) 5 cm2 with 

flow of one H2 per millsec and 100 H2 per millisec for 

activation potential Pt/C 55 mV. 

In Figure 7, the relationship between charge and 

the DCS for different surface areas is depicted. In Figure 

7(a), for smaller surface areas, a linear relation is 

observed, indicating a proportional increase in DCS with 

the charge. However, in Figure 7(b), for larger surface 

areas, a different trend is noticed. Initially, the DCS 

decreases and then gradually increases with the charge. 

This observed increase in DCS can be attributed to the 

screening effect of electrons around the electrode. The 

screening effect influences the flow of electrons, which 

is directly related to the current. Therefore, any barriers 

in the flow of current decrease the DCS, while 

facilitating the flow of electrons leads to an increase in 

the DCS of interacting particles. 

  

Fig. 7. Impact of charge production on DCS among quantum 

species produce by (a) 1 cm2 and (b) 5 cm2. 

In Figure 8(a), the DCS decreases with the 

exchange current density of the electrode of surface 

area. Similar results were observed for a Pt/C activation 

potential of 55 mV, as depicted in Figure 8(b), although 

at a higher level compared to the 40 mV scenario. 

Initially, the DCS increases and reaches a maximum due 

to constructive interference, indicating a higher 
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probability of interaction, as shown in Figure 8(a). 

However, the subsequent decrease in DCS is attributed 

to the interference of formed quantum species and the 

charge on the surface of the electrode, leading to a 

screening effect and consequently reducing the DCS. 

Figure 8(b) demonstrates a decrease in DCS 

exponentially with a surface area of 5 cm2. Unlike in the 

case of smaller surface areas, no peak is observed here, 

indicating the absence of interference. Instead, a 

superposition of effects, along with reduced screening 

effects, is evident. With a larger electrode area, the 

distribution of quantum species is more uniform, 

resulting in a non-linear decay in DCS due to the 

diminished screening effect. 

  

Fig. 8. Impact of electrode current density on DCS among 

quantum species produce by (a) 1 cm2 and (b) 5 cm2 with 

flow of one H2 per millsec and 100 H2 per millisec. 

3.3 Temperature and Current Density  

Figure 9 illustrates the impact of current density on the 

temperature of PEMFC, revealing a notable trend: as 

current density increases, the temperature of PEMFC 

decreases. This observation may seem counterintuitive 

at first glance. However, it can be explained by the 

dynamics within the system. With a larger number of 

quantum species, collisions and reactions occur more 

frequently, leading to higher temperatures. Conversely, 

as current density increases, the temperature decreases 

for a fixed surface area. This phenomenon occurs 

because initially, after the formation of quantum species, 

the temperature is higher due to exothermic reasons. 

However, as electrons become liberated from hydrogen 

molecules, the density decreases, resulting in shorter 

collision paths and lower kinetic energy. Consequently, 

collisions produce lower temperatures, causing the 

overall system temperature to decrease. It's worth noting 

that negative temperatures may exist, but for the 

purposes of this discussion, we focus solely on positive 

temperature regions. 

  

Fig. 9. Impact of charge production on DCS among 

quantum species produce by (a) 1 cm2 and (b) 5 cm2. 

Figure 10 depicts the relationship between 

temperature and resultant output current density, 

revealing distinct patterns for different surface areas. In 

Figure 10(a), for smaller surface areas, the temperature 

exhibits an exponential increase with increasing current 

density until reaching a certain threshold, beyond which 

it begins to decrease. This behavior can be attributed to 

the dynamics within a confined space: initially, 

collisions are reduced, leading to lower kinetic energy 

and subsequently lower temperature. However, at lower 

currents, the dominant factor is the heat generated by 

exothermic reactions, causing the temperature to 

increase. Conversely, in Figure 10(b), for larger surface 

areas, the temperature continues to increase with current 

density. Here, collisions contribute additional thermal 

energy to the exothermic energy, leading to a continuous 

rise in temperature. This difference in behavior 

underscores the significance of surface area in 

influencing the thermal dynamics within the PEMFC 

system.  

  

Fig. 10. Resultant output current and termapture realtion 

with surface (a) 1 cm2 and (b) 5 cm2. 

Figure 11 illustrates a noteworthy trend wherein 

temperature decreases with increasing surface area for 

varying numbers of electrons generated by the inlet of 

H2. This phenomenon arises due to the interplay 

between electron density, quantum species distribution, 

and collision dynamics within the fixed surface area. 

Specifically, when the surface area is fixed and the 

number of electrons increases, the density of quantum 

species also rises, leading to a corresponding increase in 

collision frequency. Consequently, at a specific surface 

area, varying electron densities result in different 

temperatures. For instance, in Figure 11(a) and Figure 

11(b), observed at approximately 1cm2, the temperature 

varies due to the differing collision rates and heat 

contributions to exothermic reactions. This finding 

underscores the critical role of surface area in 

modulating collision dynamics and subsequent thermal 

behavior within the PEMFC system.  

 
 

Fig. 11. Effect of surface area on temperature of PEMFC 

with (a) n=50, (b) n=100. 

Figures 5 through 11 illustrate the impact of 

various PEMFC parameters on DCS. By analyzing these 

effects, we can optimize the efficiency of PEMFC and 

gain a deeper understanding of the reciprocal 

relationship between PEMFC parameters and DCS. The 
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figures clearly demonstrate how parameters such as 

current, voltage, scattering angle, momentum, and 

distance separation influence DCS, and how, in turn, 

DCS affects these parameters. The observations reveal 

that all these parameters are interrelated, with each 

playing a significant role in altering DCS behavior. This 

relationship provides valuable insights into the 

underlying mechanisms governing electron flow, 

proton-electron interactions, and overall fuel cell 

performance. By understanding how these variables 

interact, it is possible to optimize conditions that 

enhance PEMFC efficiency, ensuring better current 

generation and reduced energy losses.  

3.4 Future Work 

The interconnection of DCS and PEMFC will provide 

valuable insights into the interaction region around the 

electrode and how temperature influences DCS and 

hydrogen polarization. This study will also examine the 

screening effect on electron flow and the interactions 

between electrons and protons through Coulomb forces, 

as well as interactions among molecules (electron-

molecule, proton-molecule, and molecule-molecule) 

within a thermal environment. These interactions are 

crucial in screening the electrons involved in current 

generation within the fuel cell, ultimately impacting the 

overall current production. 

4. CONCLUSION  

This study developed the complex dynamics of the DCS 

within PEMFC, elucidating the interactions of quantum 

species within thermal environments created during 

H2/Pt reactions. Through extensive simulations, we 

analyze the behavior of DCS under various parameters, 

including scattering angles, incident electron energies, 

and particle separation distances, accounting for 

temperature effects. Findings unveil subtle patterns in 

DCS across different conditions, with significant 

implications for enhancing PEMFC efficiency and 

performance. Specifically, observations of DCS across 

different polarization states provide insights into 

quantum species behavior and its influence on PEMFC 

operation. Furthermore, exploration of the relationship 

between DCS and PEMFC current production offers 

valuable insights for optimizing power generation within 

PEMFC. Additionally, analyses of interaction surface 

size, charge, and electrode current density contribute to 

a deeper understanding of DCS behavior, guiding 

strategies for enhancing PEMFC performance. 

Moreover, investigation into temperature variations 

within PEMFC highlights the importance of thermal 

management strategies in PEMFC design, especially 

concerning current density and surface area 

considerations. 
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