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Abstract. Molecular dynamics (MD) studies are presented for a homocysteine C4H9NO2S layer
located between parallel graphite walls. We calculated several dynamical observables of ho-
mocysteine at the physiological temperature T ≈ 309K: the radial distribution function, the mean
square displacement, the linear velocity autocorrelation function, the translational diffusion coef-
ficient, the second rank order parameter. Attention was focused on the total dipole moment M

r

autocorrelation function C t M t M t M
2ˆ ( ) ( ) ( ) / (0) ,= ⋅

r r r
 the dielectric loss spectrum ε”(ν) and the

absorption coefficient α(ν). A comparison with the dielectric relaxation of a pure homocysteine
sample (without a graphite wall) is also presented and discussed.

1. INTRODUCTION

The functions that homocysteine (C
4
H

9
NO

2
S) plays

in a human body are the subject of the current de-
bate. For example, a high level of blood serum ho-
mocysteine is considered to be a marker of a po-
tential cardiovascular (a risk factor for heart attack
and stroke) disease. It is not clear yet whether high
serum homocysteine itself is a problem or merely
an indicator of the existing problems [1-4]. Elevated
levels of homocysteine have been linked to in-
creased fractures in elderly persons [5,6]. The mo-
lecular level mechanisms for the mentioned and
other activities of C

4
H

9
NO

2
S are not fully understood.

Knowledge of the properties of homocysteine sys-
tems may help, when the role they play in the com-
plex biological environment is considered. In this
paper the molecular dynamics (MD) method has
been used to study a pure bulk sample of homocys-
teine as well as a layer of C

4
H

9
NO

2
S molecules lo-

cated between graphite walls. To our knowledge,
no MD simulations of dielectric relaxation of bulk

homocysteine have been reported. The same ap-
plies to the homocysteine ensemble in a confined
environment, i.e. between graphite walls in our case.
The preliminary study reported here might be of
some use in a search for new nano- or mezocon-
tainers for homocysteine storage, an issue of im-
portance in molecular medicine [3,4].

2. SIMULATION DETAILS

The standard Lennard-Jones (LJ) interaction poten-
tial V(r

ij
) was used between the atoms (sites) of

homocysteine [7]. Namely, V(r
ij
) = 4ε[(σ/r

ij
)12 -

(σ/r
ij
)6], where r

ij
 was the distance between the at-

oms ith and jth, ε was the potential minimum at the
distance 21/6 σ, k

B
 was the Boltzmann constant. The

L-J potentials parameters ε and σ are given in Table
1 [8-10].

The rigid-body homocysteine molecule contains
17 atomic sites. Homocysteine was treated as rigid
a body, since attention was focused on the dynamic
of a molecule as a whole, at this stage the internal
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Fig. 1. A snapshot of the instantaneous configura-
tion in case of homocysteine molecules localized
between graphite walls.

Fig. 2. The mean square displacement of the cen-
ter of mass of homocysteine in case of: a) bulk
sample, b) homocysteine layer at T = 309K.

vibration of atoms inside a molecule was not con-
sidered. Moreover, the dipole moments of homocys-
teine were included by putting the charges -0.376 e
on the oxide, -0.157 e on the sulfur, -0.53 e on the
nitrogen and 0.376 e, 0.157 e, 0.0256 e, 0.0256 e
on the bonded hydrogens, obtained from ArgusLab
[11].

The L-J potentials parameters between unlike
atoms were calculated by the Lorentz-Berthelot rules
σ

A-B 
= (σ

A
 + σ

B
)/2 and ε

A-B 
=

A B
ε ε

 
[12,13], where

A, B were different atoms. The classical Newton
equations of motion were integrated by the  predic-
tor-corrector Adams-Moulton algorithm [7]. Our own
MD code was used. The integration time step was
0.8 fs which ensured total energy conservation within
0.01%. The total simulation time was 120 ps
(1.5 . 105 time steps). The initial distribution of mol-
ecules was generated by the Monte-Carlo (MC) al-
gorithm [7].

3. RESULTS

Standard MD simulations for a statistical NVT en-
semble with periodic boundary conditions [7] at the
constant physiological temperature T = 309K are
made in this paper. The properties of a system com-
posed only of homocysteine molecules (bulk
sample) as well as an ensemble of C4H9NO2S mol-
ecules confined between graphite walls are dis-
cussed. The separation distance between graphite
walls is chosen as 16 Å, it guarantees that homocys-
teine molecules “feel” the influence of the graphite
walls but still have some space to perform
translatory/rotatory motions. An example of an in-
stantaneous configuration of an ensemble of ho-
mocysteine molecules between graphite walls at T
= 309K is shown in Fig. 1. The mean square dis-
placement (MSD) 〈 |∆ r t( )

r
|2〉  of the center of mass

of homocysteine, where ∆ r t( )
r

 = r t( )
r

- r (0)
r

 and r
r

is the position of the center of mass of a single
molecule is shown in Fig. 2. It is known from the
Einstein relation between MSD and the translational
diffusion coefficient D, 〈 |∆ r t( )

r
|2〉 = 6Dt [14] that the

nonzero slope of 〈 |∆ r t( )
r

|2〉  is an indicator of mobil-
ity (translational diffusion) of molecules. Fig. 2a
shows that it is indeed the case for the bulk ho-
mocysteine sample at T = 309 K. The calculated
diffusion coefficient, from the linear part of the slope
of 〈|∆ r t( )

r
|2〉 , in the bulk system studied at T ≈ 309K

is: 2.96·10-4 cm2/s. The lower slope of 〈|∆ r t( )
r

|2〉  for
the molecule between the graphite walls (Fig. 2b)
means that the walls partly moderate the transla-
tional mobility of homocysteines. The reflection of
this is a much lower (one order of magnitude) value
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Fig. 3. The linear velocity autocorrelation function
of the center of mass of homocysteine in case of:
a) bulk sample, b) homocysteine layer at T = 309K.

Fig. 4. The radial distribution function of the center
of mass of homocysteine in case of: a) bulk sample,
b) homocysteine layer at T = 309K.

of the translational diffusion coefficient D  = 7.1·
10-5 cm2/ps, comparing to D = 2.96·10-4 cm2/ps in
case of the bulk sample.

The linear velocity autocorrelation function
rC t( )ν  = 〈 t( )ν

r
(0)ν

r
〉 · 〈 (0)ν

r
(0)ν

r
〉 -1 where 

r
t( )ν  is

the translational velocity of the homocysteine mol-
ecule is shown in Fig. 3. The correlation function
C t( )ν

r  for the bulk sample decays almost exponen-
tially C t( )ν

r  ~ exp(-t/τ
v
). The decorrelation process

is therefore quite efficient and governed by the single
correlation time τ

v
 = 1.44 ps obtained by the fitting

procedure. The velocity correlation function C t( )ν
r

of the center of mass of the homocysteine in the
layer (Fig. 3b) decays exponentially (τ

v
 = 0.29 ps),

much faster than in case of the bulk sample. This
shows that the graphite walls quite strongly enhance
the velocity decorrelation process. In addition to the
homocysteine-homocysteine collisions it is also in-
teractions with the walls that decorrelate the veloc-
ity. The calculated radial distribution function g(r) of
the center of mass of the homocysteine in the layer
and the pure bulk sample is presented in Fig. 4.
The lack of sharp peaks of g(r) for bulk sample indi-
cates that this sample is not in a solid phase. The
graphite walls force a little closer and more regular
packing of homocysteines. The majority of mol-
ecules choose the mean distance d = 5.3 Å to the
near neighbors, comparing to d = 6.2 Å for the bulk
sample. The number of molecules which occupy
the mean near neighbor distance is much higher in
case of confined homocysteine. We have also cal-
culated the second-rank orientational order param-
eter P

2
 = 〈3cosθ

i 
cosθ

j
 + δ

ij
〉 /2 where i, j = x, y, z are

indices referring to the laboratory frame. The brack-
ets 〈〉  represent thermal averaging (over the whole
sample and simulation time). θ is the angle between
the molecular long axis and the eigenvector of the
order tensor P

2
 corresponding to the maximum

eigenvalue [16]. The parameter, P
2
, should be zero

in case of a completely isotropic liquid. In our case,
the value of P

2
 increases twice while passing from a

bulk sample (P
2
 = 0.12) to a homocysteine layer

(P2 = 0.25). It means that the interaction between
carbon atoms of graphite walls and homocysteine
stimulates and enhances partial ordering in the ho-
mocysteine layer.

The normalized total dipole moment correlation
function C tˆ( ) = 〈 M t M t( ) ( )⋅

r r
〉 /〈 M 2(0)

r
〉 , where M =

r

n

ii 1=
µ∑ r

 and i
µr  is the dipole moment of i-th ho-

mocysteine is presented in Fig. 5. The correlation
function C tˆ( )  of bulk sample decays almost expo-
nentially (typical Debye relaxation) with the correla-
tion time τ ≈ 1.55 ps. It can be seen from Fig. 5 that
the normalized total dipole moment correlation func-
tion ε”(ν) decays much slower while the homocys-
teine molecules are placed between the graphite
walls. The correlation time τ is equal to ≈ 8.07 ps,
comparing to τ ≈ 1.55 ps of the bulk sample. Due to
the high orientational disorder in the bulk sample,
its total dipole moment relaxes more randomly lead-
ing to a faster dielectric relaxation. On the contrary,
the total dipole moment relaxation becomes slower
in the layer where the orientational order is sub-
stantially higher. In a dielectric experiment it is the
frequency dependence of the dielectric loss ε”(ν)
that is measured which is the imaginary part of com-
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Fig. 5. The total dipole moment autocorrelation func-
tion of homocysteine in case of: a) bulk sample, b)
homocysteine layer at T = 309K.

Fig. 6. The normalized dielectric loss of homocys-
teine in case of: a) bulk sample, b) homocysteine
layer at T = 309K.

Fig. 7. The normalized absorption coefficient of ho-
mocysteine in case of: a) bulk sample, b) homocys-
teine layer at T = 309K.

Atoms σ/k
B
 [K]  σ [Å]          m [10-25 kg]

    C   
 
58.2  

 
3.85      

 
0.2

    O   
 
88.7  

 
2.95      0.27

    N  
 
53.22  

 
3.49      0.12

    S
 
209.76   3.6      0.53

    H   12.4  
 
2.81      0.02

Table 1. Lennard – Jones potential parameters.

plex dielectric permittivity ε*(ν) = ε’(ν) - iε”(ν) [15], i =
1− . In case of pure dipolar absorption and in the

classical limit (iη → 0) ε”(ν) is related to the cosine
Fourier transform of C(t) = 〈 M t M t( ) ( )⋅

r r
〉 . Fig. 6

shows the normalized dielectric loss 
n
( )′′ε ν =

tC t t
0

ˆd ( )cos(2 )
∞

ν πν∫ of the studied sample. A less
ordered structure of the bulk sample comparing to
the layer has been already pointed out in g(r) plot
(see Fig. 4). Consequently, the peak of the dielec-
tric loss n

( )′′ε ν  of the bulk sample prevails its coun-
terpart of the layer, see Fig. 5. The frequency ν

max
 of

a maximum of n
( )′′ε ν  is ν

max
 = 1.95·1011 Hz. The

normalized absorption coefficient α
n
(ν) is presented

in Fig. 6 for both the studied systems. Fig. 7 shows
that the maximum dielectric absorption should be
expected around 195 GHz. As far as we know, no
experimental report on the dielectric absorption of a

bulk homocysteine or homocysteine layer has been
announced to date.

4. CONCLUSION

We have shown that both homocysteine systems
studied are not in a solid phase at the physiological
temperature T= 309K. Nevertheless, the properties
of bulk and confined homocysteine samples differ
significantly. The molecules C

4
H

9
NO

2
S exhibit higher

mobility when in a bulk sample (unconfined). The
confined environment (graphite walls) enhances an
orientational ordering of molecules, partly limiting
their rotational freedom in this way. A consequence
of this is substantially slower dielectric relaxation
of homocysteines confined in a layer between graph-
ite walls. The simulated dielectric spectra, dielec-
tric correlation times, linear velocity autocorrelation
function, velocity correlation times, and diffusion
coefficients are reported for the first time both for
the confined and unconfined samples of homocys-
teine. The frequency of a maximum of the dielectric
loss 

n
( )′′ε ν  of a homocysteine sample around ν

max
 =

1.95·1011 Hz is predicted, and this may serve as a
guideline for future „real life” experiments. The pre-
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liminary study reported here might be of some use
in a search for new nano- or mezocontainers for
homocysteine storage, an issue of importance in
molecular medicine.
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