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Abstract:

Molecular dynamics simulation was carried out to study the behavior of liquid 1, 2-dichloroethane

molecules under exiemal eleciric fields including direct current field, altemating current field and positive-

half-period cosin field. The maximum applied field sirength was 10° V/m » the maximum frequency of the al-

ternating current field and that of the positive-half-period cosine field was 10" Hz . The simulation revealed

that the field type and field sirength act on the population of the molecular configuration. In the sirong direct

current field; all trans forms converied completely inio gauche forms. Order parameter and the correlation of

the sysiem torsion angle were also investigated. The results suggesied that these iwo dynamical parameters de-

pended also on the field type and the field sirength. The maximum of order parameter was found to be at 0.6

in the strong direct current field.
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INTRODUCTION

Molecular dynamics ( MDD simulation was
found io be an imporiant methodology for study of
1996 ).

Kiselev and Heinzinger reported MD simulation

condensed matter ( Tsuzuki et al.,
of a chloride ion in water system under an exter-
nal electric field ( Kiselev and Heinzinger>
1996) . They discovered that water structure is
sensitive to the strength of the applied direct cur-
rent (DC) field. In addition to this, the liquid
structure of the system, which was reflected in
the radius distribution function, as well as the
self-diffusion constant of water were also rela-
tived with the applied field. Green and lLu
(1997 and Xia and Berkowitz( 1995) reported
their work on simulation of the liquid waier sys-
tem and platinum surface water under external
electric fields by Monte Carlo (MC) method and
MD method. They showed that polar molecules
system’ s physical properties are dependent on
the external electric field.

Fig.1 shows the torsion angle, ¢, and three
major states 1. e., trans, cis and gauche
Cgauche( + ) and gauche( — ) in more detail )
forms. For the molecule of 1, 2-dichloroethane,
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Fig.1 The molecule structure of 1,2-dichloroethane
and its cis, trans and gauche forms

the magnitude of dipole moment, ||, depends
mainly on ¢ . For the trans form (¢ = 18(0°) u is
0, while for the cis form ¢ ¢ = 0°) u has its
maximum magnitude. Jorgensen et al. (1981 )
reported MC simulation of liquid
1, 2-dichloroethane by TIPS potential . Millot and
Rivail ( 1992) simulated the same system with
TIPS potential plus electrostatic interactions be-
iween molecules by MD. li was inieresting to
study how the external electric field influence the

population of configurations, hence the liquid
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polarity and other physical properties of the sys-
tem. In this study, MD simulation was carried
out to study a polar molecular liquid system,
1, 2-dichloroethane molecules; under external

electric field.

METHOD

1. Molecular dynamics

To simplify the calculation, the bond lengths
and bond angles of the 1,2-dichloroethane mole-
cule were constrained. The only unconstrained
internal coordinate of the molecule was the tor-
sion angle. The individual potentials of the mol-
ecule can be expressed as :

U=Uy,, + UCH) + U,

mt

1

vdw

s where U, is the van der Waals poiential, U
($) is the torsion potential and U,, is the inter-
action potentiial with external field.
The van der Waals interaction in the system
is calculated by
AN B\©
Uu =53] =20

y Ty
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where A and B are the constants adopted from
TRIPOS 5.2 force field(Clark et al.»1989), r;
is the distance between ith and jth atom. In this
force field the electrostatic interactions between
any two molecules are implicitly included in the
van der Waals term.

The torsion potential in the TIPS force field
is expressed in deiail as:

3

UCé) = Zci(co.‘ﬂé)i

1=0

(3

where ¢; is the constant obtained from ab initio
calculation on the isolated molecule.

The inieraction potential among the mole-
cules and external field can be writien as

v N n
TR PSR PR T
= i=l j=

where NV is the number of molecules, n is the
number of atoms in the molecule; u; is the di-
pole moment of the molecule, E is the external
electric field, ¢} and r; are the partial charge
and the position vecior between the jth atom and
the mass cenier of the ith molecule respectively.
In Jorgensen et al. (19810 and Millot et al.
(1992), the methylene groups (CH,) in 1,2-
dichloroethane were ireated as points, and the
partial charges on the methylene group and the
chlorine atom were fixed at 0.25 and — 0.25
proton charge. In this simulaiion three different
In the fixed
charge system the partial charges on the carbon

charge systems were employed.

atom and the chlorine atom were assigned 0.25
and — 0.25 proton charge. In the PM3 charge
system and the 6-31G charge system, the partial
charge on each atom was obtained from quanium
mechanism calculation by using PM3 and ab inz-
tio 6-31G . The atomic charges were calculaied
for each configuration from ¢ = O° to 180° with
10° increment. These charges were then fitted as
functions of the torsion angle in the form

q(¢) = q¢° + Zai(cossﬁ)i (5

where ¢° and a;,’ s are constants listed in

Table 1.

Table 1 The constants, ¢° and a;, of atomic charges of 1, 2-dichloroethane obtained by PM3

and ab initio 6-31G methods

Method ab initio 6-31G PM3
Atom H, H, C Cl H, H, C Cl
q" 0.2383 0.2588 —0.4396 -0.0575 0.1467 0.1634 -0.2533 - 0.0567
a; -0.0024 -0.0255 0.0034 0.0245 0.00244 -0.0117 -0.0043 0.0136
as 0.0023 -0.0039 —0.0065 0.0082 0.0042 —0.0082 -0.0043 0.0084
as —0.0098 0.0211 -0.0126 0.0016 -0.0108 0.0117 0.0008 -0.0017
ay 0.0097 -0.0323 0.0031 0.0191 0.0022 -0.0151 0.0046 0.0077
as 0.0265 -0.0175 -0.0076 —0.0008 0.0154 -0.0232 0.0072 0.0008
ag -0.0271 0.0434 0.0076 -0.0237 —0.0088 0.0158 -0.0018 —0.0046
ar -0.0196 0.0154 0.0047 -0.0010 -0.0127 0.0168 —0.0040 —0.0002
ag 0.0197 -0.0223 —0.0080 0.0106 0.0053 —0.0001 0.0004 0.0001

“on

#”: ¢% is in the unit of proton’s charge
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2, Simulation systems

Constani-temperaiure MD method was adopt-
ed to run the simulation, and 125 molecules of
1, 2-dichloroethane were chosen for the simula-
tion system. The density of the system was sup-
posed to be 1.24 g/em’®s which matched with
experimental data. The temperature was fixed at
300 K. SHAKE algorithm ( Anderson, 1983 )was
used to constrain the bond lengths and three-at-
om-angles of the 1, 2-dichloroethane molecule.

All sysiems were pre-equilibrated before the ex-

systems under no external electric fields and dif-
ferent exiernal electric fields for the fixed charge
system, the PM3 charge system and the 6-31G
charge system. Three types of external fields
were applied:

direct current (DC) field, i.e.

E = aFE, (6)
alternative current (AC) fields i.e.
E = aE,cosCat) 7>

and “ positive-half -period-cosin” (PHPC) field,

i.e.

ternal field was applied. Then 40 ps trajectories p _ { ak,cosCbwt)r Oswr<m (8)
were collected for analysis in all simulations. 0 T < wt <27
Table 2 lisis the definitions of the simulated
Table 2 Definitions of systems of MD simulations and the population percent of the torsional angle
System Extornal field Type of atom’s The population percent( % )
charge 0-120° 120 -240° 240 - 360°
ICad E=0 6-31G 6.94 79.73 13.32
I(h) E=0 Fixed charge 12.64 79.24 8.12
ICed E=0 PM3 16.20 64.24 19.55
D E=25E), (DO 6-31C 8.34 80.61 11.04
ICed E=25E, (DCO Fixed charge 10.86 79.79 9.35
[[€D) E=25E, (DC PM3 37.82 20.85 41.33
nca E=5E, (DC 6-31G 3.71 88.33 7.97
11§59 E=15E, (DCO 6-31C 5.39 83.99 10.62
e E=25F, (DCH 6-31G 8.34 80.10 11.04
nd> E=40F, (DC 6-31C 18.49 57.21 24 .30
e E=50F, (DCO 6-31G 37.44 29.51 33.05
1(€P] E=75E, (DC 6-31G 52.73 2.09 45.18
g E=100E, (DCO 6-31C 51.54 0.71 47.75
niCad E =25EycosCat ) (AQ) 6-31C 4.61 88.51 6.88
[111Q°Y) E=25EycosCat> (AC) 6-31G 3.41 88.85 7.74
niCed E =50EycosCawt) C(ACD 6-31C 7.04 83.83 9.13
vCad E=5Eycos{wt) (PHPC) 6-31C 2.35 91.88 5.77
V(b) E=25Eycos(wt) (PHPC) 6-31G 4.38 90.40 5.22
v(ed E =50Eycos{wt) (PHPC) 6-31G 10.44 76.70 12.87
v E=50E;cos(0.1wt> (PHPCO 6-31C 17.13 67.83 15.04
V(e E =50Eyc0os(0.05wt) (PHPC) 6-31G 14 .33 70.51 15.16

“47: By =10° V/m, “47: w=10" Hz
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where aF, is the sirength of the field; a is a
constant> and E; = 10° V/m> bw is the frequen-

cy of the field, b is a constant and @ = 10" Hz,
respectively. In all the simulations, the external
field directs along the space fixed X-axis. The
strength of the applied field varies from 5 to 100
x 10® V/m, these were smaller than the field
strength (0.5 — 2 x 10" V/m) used by Kiselev
and Heinzinger (1996) in their simulation of wa-
ter. The frequency of applied AC and PHPC
field varied from 0.05 to 1 x 102 Hz. Table 2
lists Systems 1(d) to I{g) and Systems I1Ca) to
IICg) corresponding to the simulation of the field
strengths under DC fields, Systems I1ICa) to III
(¢ corresponding to the simulation against the
field sirengths and the frequencies under AC
fields> Systems IV(a) to IV(e) corresponding to
the simulation against the field strengths under

PHPC fields.

RESULT AND DISCUSSION

1. Populations of the torsion angle

Table 2 also gives the population percent of
the torsion angle of the systems by MD simula-
tion. For the population percent of the torsion
angle, P($), of systems I(d) to [(g) , Table
2 and Fig. 2 indicate that three partial charge
distribution (Fixed, PM3 and 6-31G) give qual-
itatively the same trend under the DC field ( £ =
25x 10° V/m). The trans population, P, Cin
the range 150° << ¢ =< 210°), decreased and
gauche populations> P ,,q.(in the range 30°< ¢
< 90° and 270° << ¢ < 330°) increased. Both
P

31G and the Fixed sysiems. However, in the

wans @nd Py, were slightly different for the 6-
PM3 system, the P, was larger than the P,
under the same DC field. The 6-31G result
agreed well with thai of Millot and Rivail
(1992), so 6-31G partial charges were adapted
for all the other simulations.

Fig. 3a of P($) of the system I1Ca) to (gD
against the field strengihs under external DC
field suggesis that P, decreases inversely with
the field strength. When the external field
strength is over 75 x 10° V/m, all trans forms
were converted into gauche configurations.

_-———’"\
100

Pip)

Fig.2 Population of torsion angles with use of fixed
charges, PM3 charges and 6-31 G charges

Fig.3b gives the P($) of the system Il
against the field strengths under same frequency
(w = 10" Hz) external AC fields. The P($) of
the system without exiernal field and the system
under the DC field ( E = 50 x 10° V/m) are

shown for comparison showing that P, decreas-

trans
es very slowly (compared to that in the DC field)
while the field strength increases.

Fig.3c gives the P($) of the system IV
against the field sirengths under PHPC fields.
The P($) of the system without external field,
that under DC field and that under AC field are
all shown for comparison. Table 2(IV) shows
that P, was larger than that of the system with-
out external field and larger than that of the sys-
tem under AC field with same field strength,
when the strength of the PHPC field was less
than 25 x 10* V/m. On the other hand> when
the strength of the PHPC field was over 50 x 10?
V/m> the P,
without external field and less than that of the
system under AC field with same field strength

was less than that of the system

(Fig.3 in the next page) .
2.0Order parameter

The order parameter( Bohm et al.,1984), S

(2D, of the system in all the cases is defined as

S<t>=%<3<0052@> D (9
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Fig.3 Population of torsion angles of systems under
Ca) DC field: (b) AC field; (¢) PHPC field
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Fig.4 Order parameters of systems under
(a) DC field; (b) AC field: (¢) PHPC field

where “ < cos’d > 7 means the average of
cos’ @, with @ being the angle between the di-
pole moment of the molecule and the direction of
the external field. Fig.4a of the plots of SC¢) of
the systems under DC fields shows that for all
systems; S (1) tend to some specific values;
and that these specific values increase with the
strength of the external field. The maximum val-
ue of SCz) stayed around 0.6 when the field

strength was above 75 x 10* V/m. This indicated
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that the dipole moments of 1, 2-dichloroethane
molecules oriented along the direction of the ex-
ternal field with the value of S (¢ ) limited
around 0.6. Fig.4b and Fig.4c¢ are the SC¢) of
the systems under AC field and PHPC field re-
spectively. The former shows that SCz) is very
small for all the AC fields, indicaiing that the
dipole moment of 1,2-dichloroethane molecule
apparently has no order under the AC field. The
latter shows that SC¢) of the system under PHPC
field behaves like SCz) of the system under DC
field. S (¢) increases with frequency under
PHPC field. The maxinum of SC¢) converges at
0.32 when the field strength is 50 x 10° V/m and
the frequency is 10 Hz under PHPC field. This
value is much smaller than the corresponding
value (0. 6) of the system under the DC field
with the same field strengih .

3. Correlation function

The correlation function ( Bohm et al.,
1984), MCt), of torsion angle was defined as

< cosP(t)ocosP(0) > — < cosP(0) >?2
< cos$(0)cosp(0) > — < cosd(0) >?2
o)

MCe) =

where the “ < > 7 means the average of each
term. Fig.5a shows that M(¢) falls more rapid-
ly when the sirength of the DC field increases.
When the sirength of the DC field is over 75 x
10* V/im, M) tend to zero within 5 ps. Fig.
5b shows that M(¢) falls more rapidly when the
sirength of the AC field increases. As a result,
M () falls faster in the AC field than that in the
DC field at same field strength. Fig. 5S¢ shows
that M C¢) falls very slowly under the PHPC
field compared to M(t) of the corresponding DC
or AC field with same field strength.

The order parameters in Fig. 4 shows how
fast and to what extent the molecule orients its
dipole along the direction of the applied field.
The correlation funciion of the torsion angle in
Fig.5 shows how fast the molecule is unrelated
to its original structure. Since the dipole moment
of 1, 2-dichloroethane is the function of the tor-
sion angle, this correlation function also indi-
cates how fasi the molecule changes iis dipole
under the external field.
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Fig.5 Correlation functions of torsion angle
of systems under
Ca) DC field; (b)Y AC fields (¢) PHPC field
CONCLUSIONS

MD simulation showed that the populations of
the trans and gauche forms could either increase
or decrease when different polarity molecules in-
teracted with different external fields. This
meant that it is possible to conirol the population
of the specific configuration of  the
1, 2-dichloroethane molecule by properly seleci-
ing the type and strength of the external field.
The irans forms could convert to gauche forms
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under strong DC field. Similar conversion was
observed under AC field,

conversion raie than under DC field. Small mag-

but at much slower

nitude PHPC field can cause the increase of the
trans configuration, while strong PHPC field has
the same effect as the DC field. Investigation of
the order parameter of the systems showed that
the dipole moment of 1, 2-dichloroethane mole-
cule tended to align along the direction of the DC
and PHPC field. The larger the strength of the
DC field or PHPC field; the higher was the value
of the order parameter. The maximum of the or-
der parameter of the system under the DC field
was found at 0.6. The system had no order un-
der AC fields independent of the field strength.
The torsion angle was not correlated with time
under AC field and PHPC field,; and the torsion
angle decreased faster with time under AC field

than that under PHPC field.
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