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INTRODUCTION 

The performance of pressurized metered dose inhalers (pMDIs) with suspension 

formulations is affected by the aerosol particle-size distribution. Aggregation can 

reduce the amount deposited in lungs and adhesion to canister materials may cause 

a loss of valuable active pharmaceutical ingredients (APIs). Formulations are designed 

to limit these effects and Molecular modelling offers the ability to study material 

interactions at a molecular scale; for example, by understanding how the surface 

chemistry of a particle differs on each face and how this affects particle-liquid and 

particle-particle interactions. Previously, the morphology of fluticasone propionate 

(FP) has been studied under different crystallization conditions [1] [2]. In this work a 

particle profile for FP based on synthons was produced using previously established 

techniques [3]. Furthermore, a methodology is described for applying molecular 

dynamics (MD) simulations to characterize fluorinated hydrocarbon propellants in their 

liquid phase. This research aims to establish a work-flow for modelling solid particulate 

and liquid components individually, this can then be combined to quantify interaction 

energies between components. 
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METHODS 

Fluticasone propionate (FP) was studied as it is an API frequently delivered via pMDI 

devices. Crystal structure information of FP’s most common polymorph (Form 1) was 

taken from reference code DAXYUX in the Cambridge Crystal Structure Database [4]. 

The positions of hydrogen atoms within the molecular geometry were optimized using 

the molecular mechanics Forcite module in BIOVIA Materials Studio [5]. This reduced 

the bond length of the hydroxyl group. Partial charges were assigned using the Austin 

Model 1 (AM1) method in MOPAC [6]. The molecular mechanics program HABIT98 

[7] applied the force field potentials Dreiding [8] and Tripos 5.2 [9] to calculate FP’s 

lattice energy convergence. Subsequently, attachment and surface energy were 

calculated at this converged distance for the different forms, which represent sets of 

equivalent faces for the crystal structure. 

The fluid phase of the pressurized fluorinated hydrocarbon propellant was simulated 

using the MD code DL_POLY [10]. 463 HFA-134a molecules were added to a cubic 

cell with 40 Å edge length and periodic boundary conditions. The suitability of two 

different force fields was compared; OPLS [11] and PCFF [12]. The target temperature 

varied in 10 K intervals ranging from 263 K to 323 K, while the target pressure 

remained constantly at 5.6 atm. The simulations were considered to be equilibrated 

once the box size and total energy in the system remained stable at each temperature. 

This was performed with the NPT Berendsen ensemble for 500 ps. Sampling runs 

lasted 1.2 ns with a time-step of 1.5 fs and average thermodynamic values were 

calculated over this period. As validation, the relationship of density with temperature 

was compared to physical values from the Peng-Robinson equation of state (EoS). 

FP was re-crystallized through slow evaporation; a saturated methanol solution was 

left to evaporate for one day. Resulting crystals were imaged using optical microscopy. 
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RESULTS AND ANALYSIS 

Both force fields, Tripos 5.2 and Dreiding II, predicted the crystal lattice energy to 

converge to approximately –43 kCal/mole at a limiting radius of 30 Å. Figure 1 shows 

both predicted morphologies have the same prominent faces, due to the similarity of 

parameters used by both force fields. The Dreiding II morphology is wider shape in the 

dimension terminated by {020} surfaces due to the scaled attachment energy, and 

hence relative growth rate, being greater on those surfaces. This is shown in Table 1 

as the surface area % of the forms {100} and {001} are higher in the Dreiding II 

morphology. Surfaces with the greatest relative attachment energy are not present in 

the final predicted morphology as their relative growth rate is too fast.  

It is hypothesized that crystalline particles cleave on the surface of smallest relative  

attachment energy during micronization [13]. Therefore, the forms {011} and {01-1} 

are of interest for future simulations as they may be more prominent on micronized 

particles in suspension within the pMDI device. Additionally, these forms have the 

lowest surface energy calculated with both force fields. 

Table 1. Predicted surface properties of the top 4 forms with highest surface area with 
both force fields; Tripos 5.2 (Trip) and Dreiding II (Dreid) 

  Lattice energy 

(kCal/ mole) 

Attachment energy 

(kCal/ mole) 

Surface Area of 

Form (%) 

Surface Energy 

(mj/ m2) 

{Forms} Trip Dreid Trip Dreid Trip Dreid Trip Dreid 

 {0 1 1} -43.39 -43.78 -18.16 -18.89 23.33 22.33 9.26 9.63 

 {0 -1 1} -43.39 -43.78 -18.16 -18.89 23.33 22.33 9.26 9.63 

 {1 0 0} -43.39 -43.78 -25.69 -24.20 18.75 23.02 11.50 10.83 

 {0 0 1} -43.39 -43.78 -17.63 -17.71 15.90 17.09 11.33 11.38 
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Figure 1. Predicted morphology of FP using Tripos 5.2 (left) and Dreiding II (right) 

Experiments showed that FP crystallizes into needle-shape particles with aspect ratios 

varying between 1:20 and 1:40. The needle morphology is likely a result of solvents 

interacting with specific faces of the crystal. This is omitted from the predictions as the 

attachment energy model assumes equal wetting on all faces by the growth solvent. 

The end of a single needle shaped crystal resembles a hexagon, Figure 2 (left), which 

is similar to the top of the predicted morphologies. Figure 2 (right) illustrates a view 

normal to the predicted (100) face with the surrounding faces identified from the 

prediction. The (020) form didn’t appear in the crystal, likely due to its high growth rate. 

  

Figure 2. Re-crystallized FP (left) and crystal profile with faces labelled (right) 
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MD simulations were calculated from atom-atom interactions between HFA-134a 

molecules based on the model of Figure 3 (left). Simulations were at the target density 

for 5.6 atm and the values for the liquid’s density at different temperatures are shown 

in Figure 3 (right). Neither force field simulations produce exactly the same density as 

the EoS, OPLS under predicts and PCFF over predicts. At 293 K, the difference with 

the target density is +/-10 %. This is acceptable for the purpose of future simulations, 

predicting intermolecular interactions. The PCFF force field follows the target density 

best, whereas the OPLS force field diverges from the target density as temperature 

increases. Moreover, the simulation at 293 K was further validated as it showed the 

same radial distribution function (RDF) as a different Monte Carlo simulation [14]. 

 

Figure 3. Atomistic model of HFA-134a molecule with spherical atoms (left) and 
thermal expansivity with two different force fields (right)  

CONCLUSION AND FORWARD LOOK 

Prominent faces in FP’s crystal morphology have been identified, such as the largest 

and most likely to appear post micronization. Furthermore, the morphology was 

validated with re-crystallized samples. The liquid phase of propellant HFA-134a was 

represented in an MD simulation and validated with thermal expansion. The OPLS 

force field produced better results compared to PCFF. The crystal profile of FP forms 

the basis to study material interactions which will aid the process of material selection 

when developing formulations. For example, to study the wetting of different surfaces.  
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