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1Abstract—Molecular dynamics simulations were performed 

to investigate the phase-transition behavior and thermophysical 

properties of octadecane–water phase-change slurries across the 

solid–liquid transition range of the paraffin phase. Octadecane 

was used as a model system to assess the capability of the method 

to describe phase transitions at the molecular level. Diffusion 

coefficients, radial distribution functions, specific volume, 

rotational time correlation functions, and thermal conductivity 

were systematically evaluated as functions of temperature. All 

descriptors consistently identified the transition between 308 and 

318 K, confirming the coherence of the simulation framework. 

Although the simulated transition temperature was slightly 

higher than experimental values, the expected thermophysical 

trends were accurately reproduced, demonstrating that 

molecular dynamics is a reliable tool for analyzing and 

optimizing phase-change materials for thermal energy storage 

applications. 

Keywords—energy efficiency, molecular descriptors, 

molecular dynamics, phase-change materials. 
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Resumen—Se realizaron simulaciones de dinámica molecular 

a diferentes temperaturas, para estudiar la transición de fase y 

las propiedades termo físicas de suspensiones de octadecano–

agua como material modelo para la mejora de la eficiencia 

energética en materiales de construcción. Se analizaron 

coeficientes de difusión, funciones de distribución radial, 

volumen específico, correlaciones rotacionales y conductividad 

térmica en función de la temperatura. Todos estos descriptores 

identificaron de manera consistente la transición de fase 

entre 308 y 318 K, confirmando la validez del método utilizado. 

Aunque la temperatura de transición simulada es ligeramente 

superior a la experimental, se reprodujeron adecuadamente las 

propiedades termo físicas experimentales, lo cual demuestra que 

la dinámica molecular es una herramienta fiable para el análisis 

y optimización de materiales de almacenamiento térmico, cuya 

finalidad es la mejora de la eficiencia energética en el sector de la 

edificación. 

Palabras Clave—descriptores moleculares, dinámica 

molecular, eficiencia energética, materiales de cambio de fase. 

 

 

I. INTRODUCTION 

 

HASE-CHANGE materials (PCMs) have emerged as a 

cornerstone of modern energy-efficient technologies, 

particularly in the building and construction sectors. These 

materials offer a unique ability to absorb, store, and release 

energy through phase transitions, such as solid–liquid or 

solid–solid transformations, enabling effective thermal 

regulation across a wide range of applications [1]–[3]. During 

these transitions, PCMs can store substantial amounts of latent 

heat, making them highly effective in stabilizing indoor 

temperature fluctuations and reducing overall energy 

consumption. When integrated into construction elements such 

as walls, floors, and ceilings, PCMs enhance the thermal 

performance of buildings, thereby decreasing reliance on 

energy-intensive heating, ventilation, and air conditioning 

systems and contributing to the mitigation of greenhouse gas 

emissions [4]–[6]. 

PCMs are commonly classified as organic, inorganic, or 

eutectic materials, with organic paraffins being among the 

most widely used in sustainable building applications due to 

P 
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their favorable thermal properties, chemical stability, and 

compatibility with construction materials [7]–[9]. Paraffins, 

which are alkanes with the general formula CₙH₂ₙ₊₂, offer the 

advantage of tunable melting temperatures through 

compositional control, making them particularly suitable for 

thermal energy management. Paraffins with melting points in 

the range of 290–303 K, such as octadecane (C₁₈H₃₈), are 

especially attractive for passive thermal energy storage in 

buildings, as their phase-transition temperatures closely match 

typical ambient conditions [10], [11]. 

Despite their advantages, paraffin-based PCMs suffer from 

inherent limitations, including low thermal conductivity and 

leakage during melting, which restrict their direct 

implementation in practical systems [12], [13]. To overcome 

these drawbacks, several strategies have been proposed, such 

as encapsulation, impregnation into porous matrices, and 

dispersion within polymeric supports [14]–[17]. Among these 

approaches, phase-change slurries (PCS), which consist of 

PCM capsules dispersed in a carrier fluid (commonly water), 

have gained significant attention. PCS combine latent and 

sensible heat storage, offering enhanced heat-transfer 

performance, improved flowability, and greater flexibility in 

thermal management applications [18]–[20]. The performance 

of PCS strongly depends on the design of the PCM capsules, 

typically involving core–shell structures that prevent leakage, 

enhance thermal conductivity, and ensure long-term stability 

[21]–[25]. 

While experimental studies have provided valuable insights 

into the macroscopic thermal and rheological behavior of 

PCS, molecular-level studies of phase transitions and transport 

properties remain insufficiently explored. Molecular dynamics 

(MD) simulations offer a powerful framework to address this 

limitation by enabling the identification of descriptors of 

structural, dynamic, and thermodynamic changes across phase 

transitions. However, despite their potential, MD simulations 

have so far been relatively underutilized in the systematic 

investigation of PCMs and PCS systems [26]–[28]. 

In this work, MD simulations are employed to investigate 

the thermal behavior and phase-transition characteristics of 

octadecane–water slurries. Thermophysical properties such as 

diffusion coefficients, radial distribution functions, specific 

volume, rotational time correlation functions, and thermal 

conductivity are analyzed over a temperature range 

encompassing the solid–liquid transition. Although 

octadecane–water slurries constitute a well-known and 

extensively studied system, they are deliberately selected here 

as a benchmark case to demonstrate how MD simulations can 

be systematically used to identify reliable molecular 

descriptors of phase transitions in PCM slurries. Rather than 

proposing a new material, the primary objective of this study 

is to establish and validate a transferable molecular simulation 

framework capable of capturing phase-transition behavior and 

thermophysical trends with predictive capability. By doing so, 

this work highlights the potential of MD simulations as a 

robust theoretical tool for the rational design and screening of 

novel PCMs and PCS, thereby supporting the development of 

more efficient and sustainable thermal energy storage 

solutions for building applications and beyond. 

 

 

II. MATERIALS AND METHODS 

 

Three different models were constructed to investigate the 

thermal properties of the PCS. Their compositions are 

detailed in Table I, and their initial structures are shown in 

Fig. 1. All models were built using the Amorphous Cell 

module of the Materials Studio software [29]. A total of 

thirty-six molecules were employed to represent the 

amorphous structure of octadecane, which is adequate to 

reproduce its experimental properties, as confirmed by Rao et 

al. [30]. 
Fig. 1. Amorphous cell models of pure water, pure octadecane, and a 10% 

octadecane slurry used for the analysis of thermal transition properties. 

 
TABLA I 

COMPOSITION OF THE MODELS USED TO CHARACTERIZE THE PCS. 

 

System 
No. of water 

molecules 

No. of octadecane 

molecules 

Pure water  

1490 

 

0 

Pure octadecane 
 

0 

 

36 

Water+10% 

octadecane 

 

1425 

 

12 

 

Density values of pure octadecane were calculated by 

simulation over a range of temperatures to validate the models 

employed in this study. Fig. 2 shows the resulting densities, 

together with literature data reported in [31] and [32] for 

comparison. The simulated results are in good agreement with 

previously published values, thereby confirming the reliability 

of the octadecane model used. The data points span the 

temperature range of approximately 270 K to 320 K, 

encompassing conditions under which phase transitions may 

occur. 
 

 

 
Fig. 2. Density of solid and liquid n-octadecane as a function of temperature, 

showing good agreement between the simulated values and previously 

reported experimental data. 

MD simulations were performed using the Forcite module 

in Materials Studio [33] to investigate the thermal properties 
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of the models. Initial structures underwent energy 

minimization, followed by a 100 ps relaxation at 600 K. The 

systems were then equilibrated in the NVT ensemble for 1000 

ps at target temperatures (see below). Thermo-physical 

properties were derived from subsequent 1000 ps NPT 

simulations, with data extracted from the final 200 ps. 

Temperature and pressure were controlled using a Nosé–

Hoover thermostat [34] and a Berendsen barostat [35], 

respectively, with a time step of 1 fs. 

Atomic interactions were described using the COMPASS 

II force field [36], which has been previously validated for 

alkane systems [26], [37]-[39]. To evaluate thermal 

transitions, MD simulations were carried out at temperatures 

below and above the melting point of octadecane. Phase 

transitions were assessed by analyzing changes in the 

properties written below. 

 
 

A. Diffusion coefficient 
 

The diffusion coefficient (D) of a system quantifies the 

mobility of its constituent particles and has been widely 

used to investigate phase transitions in various PCMs [26], 

[27], [38]-[40]. 

D can be determined from the slope of the mean squared 

displacement (MSD) versus time plot, assuming Fickian 

diffusion: 

 

 

(1) 

Where vector ri(0) represents the reference position of the 

i-th particle, while rᵢ(t) de-notes the position of the same 

particle at time t. 

 
 

B. Radial distribution function 
 

The radial distribution function g(r) describes how 

particle density varies as a function of distance from a 

reference particle and, therefore, depends on temperature. As 

such, g(r) offers a statistical representation of the local 

packing and density within the system. 

 
 

C.  Specific volume 
 

The specific volume represents the volume occupied by a unit 

mass of a substance and is defined as the reciprocal of its density. 

During a phase transition from solid to liquid, the specific volume 

undergoes a significant change, making it a useful indicator for 

identifying the point at which the phase change occurs. 

 
 

D. Rotational time correlation function 
 

The rotational diffusion of a molecule can be analyzed 

through its rotational time correlation function (RTCF), 

calculated for a vector that describes the molecular 

orientation. Accordingly, the first-rank RTCF (m₁) is 

expressed as:  

 

 (2) 

 
 

Here, u(t) represents a unit vector that characterizes the 

molecular orientation at time t. In this study, u(t) is defined as 

the vector connecting the terminal carbon atoms of the 

octadecane molecule. For medium-length alkanes, this 

function decays exponentially as exp(-t/τᵢ) [41], where τᵢ is the 

characteristic decay time. 
 

E. Thermal conductivity 
 

Thermal conductivity is a key property governing heat transfer 

in PCMs. Due to the limited experimental data on its variation 

during slurry phase transitions [42], MD simulations offer 

valuable insights. In this study, thermal conductivity was 

calculated using the Reverse Non-Equilibrium Molecular 

Dynamics (RNEMD) method developed by Müller-Plathe 

[43]. This approach induces a steady-state temperature 

gradient by exchanging velocities between the hottest and 

coldest particles in predefined slabs, generating a heat flux. 

Thermal conductivity is then obtained from the ratio of heat 

flux to the resulting temperature gradient, in accordance with 

Fourier’s law. 

These simulations enable a systematic evaluation of 

temperature-dependent structural, dynamic, and transport 

properties, discussed below. 

 

 

III. RESULTS AND DISCUSSION 

 

In this section, the results obtained from the MD simulations 

are presented and discussed. The analysis focuses on the 

temperature-dependent behavior of octadecane and its slurry, 

with particular emphasis on identifying phase transitions. 
 

A.   Diffusion coefficient 
 

The diffusion coefficients (D) for all structures examined in 

this study, calculated using Equation 1, are summarized in 

Table II. Fig. 3 shows the temperature dependence of D, 

highlighting how molecular diffusion evolves with 

temperature, a key factor in understanding the thermal 

behavior of the materials. The diffusion coefficient of 

octadecane remained nearly constant between 288 K and 308 

K, followed by a marked increase from 308 K to 318 K, 

indicating a phase transition. This suggests the melting 

temperature of pure octadecane lies between 308 K and 318 K. 

The presence of water enhances octadecane diffusion, with 

both components exhibiting increased mobility at higher 

temperatures. These trends align with previous studies, where 

diffusion rises with temperature due to greater molecular 

motion [44]. 
 

B. Radial distribution function 
 

To obtain information about the structure of pure octadecane, 

radial distribution functions (g(r)) were calculated at various 

temperatures. The results are shown in Fig. 4. The inset shows 

a magnified view of the first coordination peak, providing a 

detailed visualization to better analyze subtle temperature-

dependent variations in its position and intensity. As the 

temperature increases, the intensity of the peaks decreases and 

shifts towards larger distances, indicating a rise in the disorder 

of the system. 
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TABLA II 

DIFFUSION COEFFICIENTS FOR THE SYSTEMS INVESTIGATED IN THIS 

STUDY. 

 

D*105 (cm2/s) 

Temperature (K) 278 288 298 305 308 318 

 

 

pure water 

 

 

5.091 

 

 

5.163 

 

 

5.980 

 

 

6.569 

 

 

7.165 

 

 

8.176 

 

 

pure octadecane 

 

 

0.195 

 

 

0.199 

 

 

0.206 

 

 

0.202 

 

 

0.207 

 

 

0.305 

 

 

Water+10% octadecane 

 

 

4.747a 

0.794b 

 

 

4.773a 

0.820b 

 

 

5.693a 

0.896b 

 

 

6.324a 

0.954b 

 

 

6.448a 

1.022b 

 

 

7.203a 

1.290b 

 

 
Fig. 3. Temperature dependence of the diffusion coefficient of octadecane 

(left) and slurry (right), revealing a sharp increase in molecular mobility 
across the solid–liquid phase-transition region. 

 

 

 
Fig. 4. Radial distribution functions of pure octadecane at various 
temperatures across the solid–liquid phase-transition region. 

 

The progressive attenuation and shift of the structural peaks 

with increasing temperature confirm the loss of short-range 

order during melting, highlighting the ability of radial 

distribution functions to detect subtle structural signatures of 

the phase transition. 

To further characterize the phase transition, the Wendt–

Abraham parameter [44] was employed. This parameter is 

defined as: 

 

 (3) 

 

Where gmin and gmax represent the intensities of the first 

minimum and first maximum of the radial distribution 

function, respectively. 

R is plotted as a function of temperature in Fig. 5. There is 

a linear relationship between R and T, with the slope varying 

according to the state of octadecane. The intersection of the 

two curves indicates the temperature at which the phase 

change occurs. The obtained value, 308.33 K, aligns with the 

results from the analysis of the MSD plots. Experimental 

studies report melting temperatures for octadecane in the range 

of 298–302 K [12]. The slight overestimation observed in the 

simulations is a common feature of MD studies and can be 

attributed to finite system size effects, limited simulation 

timescales, and force-field approximations. 

 

 
Fig. 5. Wendt–Abraham parameter as a function of temperature, 

highlighting a characteristic change that enables the identification of the 

solid–liquid phase-transition temperature. 
 

C. Specific volume 
 

The variation in the specific volume of pure octadecane 

with temperature is shown in Fig. 6. 

As temperature increases from 278 to 318 K, the specific 

volume exhibits a monotonic upward trend, reflecting the 

expected thermal expansion behavior of the material. At lower 

temperatures, corresponding to the solid or semi-ordered 

phase, the specific volume increases gradually with 

temperature. As the system approaches and exceeds the 

melting region, a more pronounced increase is observed, 

indicating a transition toward a less ordered, liquid-like 

structure with increased molecular mobility and free volume. 
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Fig. 6. Specific volume of octadecane as a function of temperature, 

exhibiting a change in slope associated with the solid–liquid phase transition. 

 

This change in slope is consistent with the occurrence of a 

phase transition and highlights the sensitivity of specific 

volume as a thermodynamic descriptor for detecting melting 

behavior in phase-change materials such as octadecane. The 

obtained values are close to the experimental ones, which 

range from 1.28 to 1.35 cm³/g depending on temperature [12]. 
 

D. Rotational time correlation function 
 

Fig. 7 presents the rotational time correlation functions 

(RTCFs) of pure octadecane on the left, along with the 

corresponding decay times on the right, evaluated at different 

temperatures. The RTCFs were qualitatively similar at 

different temperatures and were well fit by single 

exponentials, with decay times decreasing as the temperature 

increased. The RTCFs provide insight into the time-dependent 

molecular orientation and rotational dynamics of the system. 

The decay times represent the average duration required for 

the reorientation of the vector connecting the terminal carbon 

atoms of the octadecane molecule. As temperature increases, 

molecular motion becomes faster, leading to shorter decay 

times. At 318 K, octadecane was in a liquid state, allowing the 

molecules to rotate more freely and move more rapidly 

compared to lower temperatures. Zhang et al. [41] reported a 

decay time of 528 ps for eicosane (C20) at 323 K, which 

closely approximates the decay time calculated in this study 

for 318 K. The larger decay times observed at lower 

temperatures can be attributed to more restricted molecular 

motion in the solid state. 

 

 
Fig. 7. RTCF of octadecane molecules at different temperatures, showing 

accelerated rotational dynamics upon transition to the liquid state. (left) and 

decay times (right) of pure octadecane at different temperatures. 

 

     The temperature-dependent decrease in rotational 

relaxation times reflects the increasing freedom of molecular 

reorientation upon melting, offering complementary insight 

into the dynamic aspects of the phase transition beyond 

translational motion. 
 

E. Thermal conductivity 
 

     The thermal conductivities (k) of water, octadecane, and 

the slurry as functions of temperature are shown in Fig. 8. 

 

 
Fig. 8. Temperature dependence of the thermal conductivity of water, 
octadecane, and octadecane–water slurries, showing a non-monotonic 

behavior for the PCM-containing systems across the phase-transition regions 
 

Fig. 8 shows that as temperature increases, the thermal 

conductivity of pure water rises slightly. The simulated thermal 

conductivity of water is in good agreement with experimental 

values, which are reported to be around 0.56–0.63 W m⁻¹ K⁻¹ in 

the temperature range considered, and correctly reproduces the 

slight increase with temperature. In contrast, for the octadecane-

containing models, thermal conductivity increases with 

temperature up to the phase-transition point and then decreases 

beyond it. The obtained thermal conductivity values are close to 

experimental data, which report values between 0.2 and 0.35 W 

m⁻¹ K⁻¹ depending on phase and temperature, with higher 

values in the solid state and lower values in the liquid state [12]. 

The thermal conductivity of the slurry is lower than that of pure 

water due to the significantly lower thermal conductivity of 

octadecane compared to water. Above the melting point of 

octadecane, the thermal conductivity of the slurry also 

decreases, like pure octadecane. These trends are also confirmed 

by experimental studies on microencapsulated paraffin slurries 

[45]–[47].                           

 

IV. CONCLUSIONS 

 

     In this study, MD simulations were applied to 

systematically analyze the phase-transition behavior and 

thermophysical properties of octadecane–water slurries. 

Although octadecane represents a well-established PCM, it 

was deliberately employed as a reference system to 

demonstrate the ability of MD simulations to capture phase-

transition phenomena and to identify reliable molecular-level 

descriptors relevant to slurry-based thermal material. 

The solid–liquid transition of octadecane was consistently 

detected within the temperature range of 308–318 K using a 

combination of independent indicators, including diffusion 

coefficients, radial distribution functions, specific volume, 
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rotational time correlation functions, and thermal conductivity. 

The agreement among structural, dynamic, and transport 

properties confirms that MD simulations provide a coherent 

and internally consistent description of phase transitions in 

PCMs. The simulations further reveal the role of water in 

enhancing molecular mobility and modulating heat-transport 

behavior, highlighting the potential of atomistic modeling to 

analyze PCM–fluid interactions in slurry systems. 

Although the predicted transition temperature slightly 

overestimates experimental values, this discrepancy is within 

the expected limits of MD simulations and does not 

compromise the accuracy of the reproduced thermophysical 

trends. 

Beyond the specific system studied, this work establishes a 

transferable simulation framework that can be readily 

extended to more complex PCM formulations and represents a 

critical tool for the next step: modeling core-shell 

encapsulated slurries to elucidate confinement effects and 

interfacial heat transfer mechanisms at the molecular level, 

ultimately guiding material design By enabling the 

identification of key molecular descriptors governing phase 

transitions and thermal transport, MD simulations offer a 

rational basis for the screening and optimization of PCMs, 

supporting the development of advanced thermal energy 

storage systems for energy-efficient applications. In 

conclusion, this approach may significantly reduce 

experimental trial-and-error in the development of advanced 

PCM-based systems. 
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