
Journal of The Electrochemical Society, 166 (9) B3309-B3315 (2019) B3309

JES FOCUS ISSUE ON 4D MATERIALS AND SYSTEMS

All-Atom Model of Atactic 2-Vinyl Pyridine Polymer: Structural
Properties Investigation by Molecular Dynamics Simulations
Stefano Caputo,1 Antonio De Nicola, 2,∗,z Greta Donati,1 Alessio David,3 Guido Raos, 3,∗
and Giuseppe Milano2,∗

1Dipartimento di Chimica e Biologia “A. Zambelli”, Università di Salerno, Fisciano 84084, Italy
2Department of Organic Material Science, Yamagata University, Yonezawa 992-8510, Japan
3Dipartimento di Chimica, Materiali e Ing. Chimica “G. Natta”, Politecnico di Milano, Milan 20131, Italy

Atactic poly(2-vinyl pyridine) (P2VP) is widely used in several 3D-Printing applications, in blends or, as one of the blocks, in
copolymers. Moreover, several applications have been designed by exploiting the stimuli response to the pH shown by P2VP. In this
paper we propose an all atom model of P2VP, based on the well-known OPLS-AA force field, which ensures wide compatibility to
model complex mixtures and/or interfaces involving P2VP in composite materials. The proposed all-atom model was checked in the
reproduction of structural properties and compared with experimental data. Good reproductions of mass density and X-ray scattering
pattern confirm the accuracy of the proposed model.
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Poly(2-vinyl pyridine) (P2VP) is a polymer characterized by mul-
tiple 2-vinylpyridine units. The presence of the nitrogen atom on the
aromatic ring provides peculiar physico-chemical features compared
to similar polymers, such as poly(styrene) (PS), in terms of morphol-
ogy and polar character (of the pyridine ring) that allows, for exam-
ple, to interact with other polar molecules or to act as metal ligand.1

This peculiar characteristic has opened many fields of application
for this polymer. As example, P2VP-ABS (acrylonitrile-butadiene-
styrene) blend (with about 12% w/w of ABS) has been successfully
used in the fabrication by 3D printing of pH responsive 3D hydrogels
for microfluidic applications. In particular, P2VP has been used in the
production of filaments that exhibit a coil-globular transition occur-
ring at pH lower than 4. As further application, polyethylene glycol
(PEO)-P2VP block-copolymers have been used as stimuli responsive
material, induced by pH, to form hydrophilic vesicles in solution.2

In the PS-b-P2VP block co-polymer, the capability of the pyridine
group to form hydrogen bonds was used to control the supramolecu-
lar assembly of hydroxylated gold nanoparticle.3 More in general, the
stimuli-response behavior exhibited by P2VP material, mainly when
it is in co-polymer, make it a good candidate for these new “smart”
materials for the so-called “4D printing”.4–7

The P2VP-PS block co-polymers, characterized by the coexistence
of polar and non-polar phases, opened new possibilities for ink-free
lithography transfer applications.8 In particular, the polar nature of
pyridyl group allows the P2VP units to be functionalized while the
PS units serve as rigid glassy scaffolds. P2VP is also used to build bi-
nary polymer brushes (usually with PS), to control and tune adhesion
and friction behavior of solid surfaces.9 Metal nanoparticle arrays10,11

are efficiently obtained from block copolymer micelle lithography,
in which P2VP is employed.12 Morphological behavior of thin films
of P2VP block co-polymers were studied in the context of fabrica-
tion of nanoporous membranes, lithography and nanophotonics.13–15

Experimental studies and characterization of P2VP in terms of its syn-
thesis, reactivity, formation of complexes, P2VP-based catalysis and
photothermal reactivity, are reported in literature.1,16

Despite several applications of P2VP in the technological field,
computational studies, that could allow to understand in detail the
P2VP features and to improve its performance, are not huge in num-
ber. To the best of our knowledge, only two atomistic models of P2VP
have been reported in literature, a united-atom reported by He,17 and
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an all-atom model reported by Soldera which employed Polymer Con-
sistent Force Field (PCFF)18 to investigate the reproduction of glass
transition temperature.19 However, none of these studies is specifically
designed for P2VP, indeed an exhaustive investigation on the main
P2VP structural properties and related comparison with experimental
data is missing. Also for coarse-grained models, only few studies have
been found.20

In this study, we propose an all-atom model of P2VP, based on the
OPLS-AA.21 We have chosen to base our model on the well-known
OPLS-AA force field because of its high adaptability to include and
combine other organic molecules,21–23 polymer models,24–29 nanopar-
ticles and other possible interfaces30,31 which represents the common
employment of the P2VP technological applications. In particular,
equilibrated melt configurations were successfully obtained by apply-
ing a procedure, based on the hybrid particle-field molecular dynamics
(PF-MD) approach which is described in our previous works.32 A short
introduction of the PF-MD approach is reported in the Computational
Method and Model section. Then, structural properties compared with
available experiments, are reported and discussed for proposed model.
The Conclusion Section summarizes the main results.

Computational Method and Model

Hybrid PF-MD approach.—The hybrid PF-MD approach em-
ployed in this work has been widely validated and successfully em-
ployed in many previous works25,33–36 to relax polymer melt systems
of both atomistic and coarse-grained models, and to set-up models of
polymer composite materials. Only a brief description of such method
will be given here, while the full description can be found in Ref. 33.
The core feature of PF-MD method is that the non-bonded forces cal-
culation (most computationally expensive term in a MD simulation),
is obtained by the evaluation of an external potential depending on the
local density at position r.32

In the spirit of self-consistent field theory (SCFT), a many-body
problem can be reduced to a problem of deriving the partition func-
tion of a single particle in an external potential V(r).32 The non-bonded
forces acting on particles can be obtained from a suitable expression
of V(r) and its derivatives. In particular, in the framework of the SCF
theory, the interaction of a particle with its surrounding is not calcu-
lated by pair-wise interactions but through a mean field modeled by
an external potential. Assuming this, the density dependent interaction
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Figure 1. P2VP monomer structure with partial charges scheme (left) and atom types (right), taken from Ref. 21.

potential W can be written as:
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where φK(r) is the coarse-grained density of a particle type K at po-
sition r, and χKK′ are the mean field parameters describing the in-
teraction between a particle of type K and the density field due to
the particles of type K’. It can be shown, by using the saddle point
approximation, that the external potential VK(r) can be written as:

VK (r) = δW [(φK (r))]

δφK (r)
= kBT

∑
K ′

χKK ′φK ′ (r)

+1

κ

(∑
K

φK (r) − 1

)
[2]

To connect the particles and the field for the hybrid PF-MD scheme,
it is central to obtain a smooth coarse-grained density function φK(r)
straightforwardly from the position of the particles. For this purpose,
a mesh-based approach was used to obtain both the coarse-grained
density function and its density derivatives (needed to calculate the
forces acting on the particles). The derivation of the Eq. 2 and the
details of the implementation of the PF-MD approach are reported in
Refs. 32,37.

Atomistic Model of Atactic P2VP. The bonded and non-bonded
interaction parameters for the atomistic model of the atactic P2VP
are listed in Tables II–VI. A schematic picture of the P2VP chemical
structure along with the employed atom types and charges scheme is
reported in Figure 1. All the parameters used for pyridine rings were
taken from the OPLS-AA force field,21 which is optimized to fit exper-
imental properties of liquids (such as density and heat of vaporization).
Instead, for the aliphatic carbons (backbone) and hydrogens, the set
of parameters reported for atactic polystyrene by Müller-Plathe38 was
used.

Our choice is based on the wide range of applicability of
OPLS-AA and the possibility to easily combine its force field pa-
rameters to study complex polymer systems. In fact, OPLS-AA
was successfully adopted to study different polymer families, such
as: polyacrylamides,27 polyaniline,28 polyglutamine,39 macrocyclic
polyketidies,40 polystyrene,38 polymer/carbon nanotube interfaces,41

and long hydrocarbons.23,29

According to the OPLS-AA force-field, the bond stretching be-
tween two atoms and the angle bending, are both represented by a
harmonic potential (Equations 3,4):

Vb

(
ri j

) = 1

2
Kbond

(
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)2
[3]
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(
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2
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i jk )2 [4]

where Kbond and Kangle are the bond and angle force field constants,
respectively, while r0 and θ0 are the bond length and angle equilibrium
values, respectively. The full list of parameters is reported in Table II
and Table III.

All the dihedral angles ψ involving the heavy atoms of the pyridine
ring were represented with the Ryckaert-Bellemans (RB) potential
function (Eq. 5), where ψ = (θ - 180). The RB torsion parameters are
reported in Table IV.

Vrb

(
θijkl

) =
5∑

n=0

Cn(cos (ψ))n [5]

All the other proper and improper dihedral angles ϕ, were repre-
sented by Eq. 6, and the full list of dihedral parameters is reported in
Table V.
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According to the PF-MD approach described above, the non-
bonded interactions were represented by the interaction between a
particle and the external field depending on the density (Eq. 2). In
the procedure to relax the polymer melt, described in the following
Results and discussion section, the final stage consists in the rein-
troduction of the non-bonded pair interactions, that in the OPLS-AA
force field are described by the Lennard-Jones (LJ) and Coulombic
potentials. Because the proposed model, based on the OPLS-AA, is
independent from the procedure used to obtain a suitable and well
relaxed initial configuration, in the following the LJ and Coulombic
are reported (Eq. 7).
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where i and j are the indexes for two different atoms, while σij =
(σi + σj )/2 and εij = (εiiεjj )

1
2 are the LJ evaluated by considering the

arithmetic and geometric average, respectively. In Table VI, the full
set of non-bonded interactions are listed.
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Figure 2. (A) Scheme of assignment of coarse-grained density to lattice points
for the P2VP polymer chain in a simplified bi-dimensional case. (B) Criterion
for assignment of a bead fraction to lattice points. The squares indicate the
lattice points where the density is defined, while the density gradients, used
for force calculations, are defined at the center of each edge (indicated by red
crosses). As shown in the panel B, the fraction of a particle assigned to a given
lattice point is proportional to the area of the rectangles (shown in the figure
with segmented lines). (C) Density isosurfaces (the density is equal to ρ0 =
Nparticles/Vbox) calculated from density fields of a single P2VP10 chain using
grids of different resolution (l = 0.8 nm, l = 0.4 nm, l = 0.2 nm ∼ atom size).

Simulation details.—All the PF-MD simulations were performed
with the OCCAM software package.42 The simulations were per-
formed in the NVT ensemble at 293 K, by keeping the temperature
constant through the Andersen thermostat.43 A time step of 1 fs was
used all the simulations. According with the PF-MD approach, the
smooth coarse-grained density function φK(r), that is crucial to eval-
uate the external potential VK(r) (see Eq. 2), is calculated using a
mesh-based approach. In particular, as function of the mesh size l,
different levels of coarsening of the density were obtained. In this
work we used three different grid sizes: 0.8, 0.4 and 0.2 nm, in the
relaxation procedure of P2VP10 melt, while, for P2VP48 system an
additional grid size of 2.5 nm was employed. A scheme illustrating
the mesh approach to calculate the density function is reported in the
Figure 2. The MD simulations were performed using the GROMACS
package44 in the NVT and then in the NPT ensemble for 5 and 200 ns,
respectively. The temperature was held constant at 293 K by using
a velocity rescale algorithm45 with a coupling constant τT = 0.02 ps
while the pressure was held constant at 1.013 bar using the Berendsen
algorithm46 with a coupling constant τP = 0.2 ps. A time step of 2
fs was used for all the simulations. A cutoff distance of 1 nm was
employed for both van der Waals and Coulomb interactions. The non-
bonded interactions were excluded between first and third neighbors.
In addition, non-bonded interactions among atoms within an aromatic
ring were excluded. The LINCS constraint algorithm47 was employed
to fix all the distances involving hydrogen atoms and between the car-
bons of the backbone. The constraint between backbone carbons was
removed in the simulations with the original OPLS-AA force field.

Table I. System composition for the simulated systems. The
temperature of all the systems is 293K. The MD label indicates
a standard Molecular Dynamics simulation.

Grid Nr. Nr. Total nr. Time
System size (nm) monomers chains Particles (ns)

P2VP10 0.8 10 38 5776 5
0.4 10 38 5776 5
0.2 10 38 5776 5
MD 10 38 5776 200

P2VP48 2.5 48 12 8664 5
0.8 48 12 8664 25
0.4 48 12 8664 40
0.2 48 12 8664 200

MD∗ 48 12 8664 200

∗The system has been simulated at both 293 and 303 K.

Results and Discussion

Relaxation of atactic P2VP melt with PF-MD method.—It is well
known that the equilibration of polymer melts is a challenging task,
even for low molecular weights.48–50 In addition to such difficulties,
a further technical problem of MD simulations is connected to setup
and obtain a suitable initial set of coordinates of polymer melt system.
This is mainly due to the large number of atom overlaps, at typical
melt density, which causes divergence of force calculations in a MD
simulation. In order to avoid such technical problem, a well-tested and
validated procedure based on PF-MD33 was applied in this study. In
particular, the procedure adopted for two different molecular weights
(10 and 48) for PV2P is the following: I) The initial configurations
where prepared by randomly distributing P2VP chains in the simu-
lation box, with two molecular weights (10 and 48 repeating units,
P2VP10 and P2VP48, respectively). The initial density of the systems
was set equal to the experimental density at 293 K; II) For the P2VP10
case, three sequential relaxations runs were performed at 293 K. In
particular, a first relaxation, 5 ns long, was performed using a grid
size l = 0.8 nm, a value that is close to the radius of gyration (Rg) of
the polymer chain. Then, two subsequent relaxation runs, by adopt-
ing smaller grid sizes of l = 0.4 and 0.2 nm, were performed. III)
Starting from the last configurations of the PF-MD simulations with
the smallest grid size, a short minimization to remove residual atom
superpositions followed by a short MD simulation (NVT at 293 K) of
5 ns were performed before running the NPT production runs (200 ns).
In case of P2VP48, an additional grid size of l = 2.5 nm (close to Rg),
was used first. Then, three subsequent runs were performed by using
the same grid sizes employed in the P2VP10 case. All these computa-
tional details are summarized in Table I. The adopted scheme to get the
density function from particle’s positions is reported in Figures 2A–
2B. In the panel C of the same figure, representations of the density
isosurfaces, as function of the grid size l, are reported. As can be seen
from the Figure 2C, asperities due to the bulkiness of the pyridine

Table II. Constraints and harmonic bond potential.

Bonds Kbond (kJ mol−1 Å−2) rij
0 (Å)

Caro-N 404.174 1.339
Caro-Caro 392.458 1.400
Caro-Haro / 1.080
Cb-Cb (OPLS-AA) 224.264 1.529
Cb-Cb / 1.530
Cb/b2-H4 / 1.100∗

∗Caro includes Ca1, Ca2, Ca3; Haro includes Ha1, Ha2, Ha3.
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Table III. Harmonic angle potential.

Angles Kangle (kJ mol−1 rad−2) �0
ijk (deg)

Caro-Caro-Caro 527.18 120.00
Caro-Caro-Haro 292.88 120.00
Haro-Caro-N 292.88 116.00
Caro-N-Caro 585.76 117.00
N-Caro-Cb 585.76 116.00
Caro-Caro-Cb 376.60 120.0
Cb2-Cb-Caro 482.30 109.45
Caro-Cb-H4 366.90 109.45
Cb2-Cb-Cb2 482.30 109.45
Cb-Cb2-Cb 482.30 109.45
Cb2-Cb-H4 366.90 109.45
Cb-Cb2-H4 366.90 109.45
H4-Cb2-H4 306.40 109.45∗

∗Caro includes Ca1, Ca2, Ca3; Haro includes Ha1, Ha2, Ha3.

backbone substituents are found in the density isosurface shape (l =
0.2 nm).

In order to correctly apply the relaxation procedure to obtain well-
relaxed polymer melt,33 the simulation time of each step of the proce-
dure must be checked. To this aim we analyzed different quantities. In
particular, since the equilibrium condition is reached when the diffu-

Table IV. Ryckaert-Bellemans dihedral potential (for atoms in
pyridine ring).

Dihedrals C0 C1 C2 C3 C4 C5

Aaro-Aaro-Aaro-Aaro 30.334 0 −30.334 0 0 0
Aaro-Aaro-Aaro-Haro 30.334 0 −30.334 0 0 0
Ca1-Cb-Cb2-H4 0.9665 2.8995 0 −3.8660 0 0

Ca1-Cb-Cb2-Cb 2.9288 −1.4644 0.2092 −1.6736 0 0∗

∗Aaro includes Ca1, Ca2, Ca3, N; Haro includes Ha1, Ha2, Ha3.

Table V. Proper and improper dihedral potential. The angle �ijkl
is considered 180.0 deg for all listed dihedral angles reported in
table.

Dihedrals kdihedral (kJ mol−1) Multiplicity (n)

Cb2-Cb-Cb2-Cb 6.00 3
Cb-Cb2-Cb-Cb2 6.00 3
H4-Cb-Cb2-Cb 6.00 3
Ha2-Ca2-Ca3-Ca1 10.46 2
Ha3-Ca3-Ca2-Ca2 10.46 2
Ha1-Ca1-N-Ca2 10.46 2

Table VI. Lennard-Jones parameters and charge assignment to
the atom type.

Atom types σ (Å) ɛ (kJ mol−1) qi

N 0.325 0.711 − 0.678
Ca1 0.355 0.293 0.473
Ca2 0.355 0.293 −0.447
Ca3 0.355 0.293 0.227
Ha1 0.242 0.126 0.012
Ha2 0.242 0.126 0.155
Ha3 0.242 0.126 0.065
Cb 0.321 0.352 0.012
Cb2 0.321 0.352 0
H4 0.232 0.318 0

Figure 3. Root mean square displacement of the center of mass of the chains
(normalized by Rg) for P2VP10 and P2VP48, at grid sizes l = 0.8 nm and l =
2.5 nm respectively. Dashed lines are referred to time origin τ corresponding
to the time necessary to the RMSD to attain the Rg value.

sion of the chains center of mass covers a length equal or greater than
its Rg (0.8 nm for P2VP10 and 2.5 nm for P2VP48), we calculated
the root-mean square displacement (RSMD) of the center of mass,
as reported in Figure 3, from which it is clear that this condition is
achieved for both chain lengths. The RMSD is calculated according
to the definition reported in the Eq. 8:

MSD ≡ 〈[r (t0 + t) − r (t0 )]2〉 [8]

Where the angle brackets indicate an ensemble average over all
the molecules in the simulations and all the time origins. By time
origins, we denote that any timestep can be considered the time t0 in
the Eq. 8. As shown in the figure, this quantity is calculated at different
time origins to make evident that the dynamics is time translational
invariant.

Different grid sizes provide relaxation at different scales of the
polymer melt, as described in the Ref. 32. Indeed, by analyzing the
autocorrelation function (ACF) of the end-to-end vector, we can verify
the relaxation time in which independent chain conformations are
explored. In Figure 4, the ACF calculated for PF-MD simulations

Figure 4. End-to-end vector autocorrelation function calculated from PF-MD
simulations for P2VP10. Lines with different colors correspond to different
grid sizes l. Dashed lines are referred to time origin τ corresponding to the
time necessary to the RMSD to attain the Rg value.
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Table VII. Relaxation times of the end-to-end vector.

System Grid size l (nm) τ (ps)

P2VP10 0.8 167 ± 3
0.4 529 ± 9
0.2 861 ± 11

P2VP48 2.5 225 ± 29
0.8 1907 ± 142
0.4 3175 ± 106
0.2 8398 ± 164

are reported. As for the RMSD case, also the ACF is calculated at two
different time origins. It is worth noting that the behavior we found
is in agreement with the behavior reported for polymer melt51 and
polymer nanocomposite systems.52–54

A fast decay to zero of the ACF is observed for all the grid sizes l.
In particular, slower decays are observed as the grid size is decreased.
This fact, also observed for the RMSD of the chains center of mass, is
related to a decreased smoothness of the potential as the grid becomes
finer, since increased detail on the polymer structure is added. The
relaxation time τ of the end-to-end vector was evaluated by fitting its
autocorrelation function with a stretched exponential:

τ =
∫ ∞

0
exp

[
−

(
t

α

)β
]

dt = α

β
�

(
1

β

)
[9]

Table VII reports the results. In case of PF-MD simulations, the
relaxation of a P2VP10 chain occurs in a time interval going approx-
imately from 0.16 to 0.86 ns, as function of the grid size. A similar
behavior is found for the P2VP48 (Figure 4B). With the finest grid,
the dependence of the relaxation time on chain length agrees well with
the prediction of the Rouse model where τ∼N3/2: (48/10)3/2 = 10.5.

The application of the procedure described above allows to obtain a
suitable initial set of coordinates for a polymer melt in which the chains
are directly packed at a density equal to the experimental value. The
short-range correlations between atoms, that cannot be reproduced by
the PF-MD method, can be easily reintroduced by performing a short
MD simulation in which the LJ and Coulombic interactions are treated
explicitly. In particular, in less than 1 ns the radial distribution func-
tions (RDF) become indistinguishable with respect to RDF calculated
after 200 ns (Figures 5B–5C). This full recovery of short-range corre-
lations was observed also for other polymers that were modelled with
the same procedure.25,33,34

Atomistic Model of Atactic P2VP.—In order to check if the model
we proposed was able to reproduce experimental data, such as the mass
density and X-Ray diffraction pattern, an MD simulation in the NPT
ensemble was performed to this aim. In particular, starting from the
last configuration obtained from the relaxation procedure (described
above), a production run of 200 ns was performed for both P2VP10
and P2VP48, after a short NVT simulation of 5 ns.

The calculated mass densities are compared with the experimen-
tal data55 in Table VIII. In particular, an error of about +3.5% for
P2VP10 and less than -1% for P2VP48 is found for the proposed
model. In particular, the largest error we found (3.5%) is in the range

Table VIII. Results for calculated densities for both, P2VP10 and
P2VP48.

System Calculated density (g/cm3) Experimental density∗ (g/cm3)12

P2VP10 1.0741 ± 0.0001 1.037 ± 0.002
P2VP48 1.0853 ± 0.0001 1.095 ± 0.003

∗Experimental densities measured from samples with Mw of 1 kg/mol
and 5 kg/mol (corresponding respectively to P2VP10 and P2VP48 in
our simulations).

Figure 5. (A) Snapshot of the P2VP10 from the equilibrated MD simula-
tion. The nitrogen atom is depicted in orange, while, the carbons are reported
in deep violet. Hydrogen atoms are reported in white. Comparison of radial
distribution function (RDF) obtained from PF-MD simulations at grid size l
= 0.2 nm for P2VP10 (red line) and RDFs from MD simulations at differ-
ent times. RDFs are calculated among backbone carbon atoms (B) and nitro-
gen atoms belonging to different chains (C). Intramolecular correlations are
excluded.
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Figure 6. Calculated X-Ray pattern (purple line) and experimental (circles)
at 303 K. The intensity has been normalized with respect to the highest peak.

of error (from 1.8 to 4.2%) usually obtained from the OPLS-AA.22

In addition to the mass density, also the X-Ray scattering pattern was
calculated and compared with the experimental data.16 In Figure 6,
a comparison of both X-Ray scattering patterns is reported for the
P2VP48. In particular, the experimental X-ray data were measured on
a P2VP sample with Mw = 9 kg/mol16, which corresponds to almost
two times the Mw we simulated (P2VP48). As it can be seen from
the comparison in Figure 6, the main peaks, at a q ∼ 8 nm−1 and at
q ∼14 nm−1 representing the inter-chains distances and the Van der
Waals (VDW) contact between atoms,16 are centered at similar q val-
ues with respect to experimental ones. In particular, the difference in
peak positions correspond to a very small distance difference in real
space of about 0.2 Å, suggesting that the X-Ray scattering pattern was
well-reproduced in our simulation.

The equilibrium Rg values obtained from MD simulations calcu-
lated for P2VP10 and P2VP48 are: 0.62 and 1.51 nm for, respectively.
Comparing our results with the ones calculated from the characteris-
tic ratio of the mean-square of Rg (equal to 1.11),56 we find a good
agreement. In particular, from the characteristic ratio a value of Rg
equal to 0.632 and 1.414 nm has been calculated for 10- 48-P2VP
chains, which are in the error range of 2–3%. In addition, considering
the oligomer of PS with 10 monomers, which has similar Mw with
respect to P2VP10, the calculated Rg (0.68) from MD simulations of
the polymer melt,38 is comparable with the value (0.62 nm) obtained
from our simulations.

Conclusions

An all-atom model of atactic P2VP has been presented in this work.
A procedure for an efficient relaxation of the P2VP melt, which is
based on hybrid particle-field PF-MD method, has been applied with
satisfactory results. The proposed model, based on the OPLS-AA force
field, has been tested to reproduce a number of structural properties
such as the mass density and X-Ray pattern. In particular, the mass
density for the short oligomers (P2VP10) was reproduced within an
error of +3.5%, which is in the error range expected from the OPLS-
AA force field. For longer polymer chains (P2VP48) the density was
reproduced within an error less than -1%, lower than the average error
found for the OPLS-AA. Comparing the experimental and calculated
X-Ray scattering data, we found a good agreement, which indicates,
together with the density mass result, a good description of the struc-
tural correlations within the P2VP melt.
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