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Non-equilibrium molecular dynamics simulations of the aqueous solution of N,N-dimethyl formamide have been performed in the |

canonical ensemble in both the absence and presence of external electromagnetic (E/M) field. The results indicate that as the intensity of |
the electromagnetic filed increased, the radial distribution functions of the aqueous solution of N,N-dimethyl formamide became more

pronounced. There appears to be a threshold microwave field intensity below which no tangible field effects are apparent, 10> V/m, the |

lowest field strength used in this study, there was no significant effect on the systems structure. Microwave energy is partly transferred to |

intermolecular energies of mixture, which induce the change of angle distribution functions of the hydrogen bonding. |

|

|

_
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INTRODUCTION

It is well known that microwaves can speed up chemical
reactions for the synthesis of organic and inorganic materials
and sinter metal oxides with high-energy efficiency'”. The
amides represent an important class of organic solvents due to
their high polarity, strong solvating power and a large liquid
state range®. Substitution at the amide nitrogen atom allows
control of the extent of intermolecular hydrogen bonding,
which is dominating factor for the physical properties exhibited
by the liquids. Besides, amides may be used model systems
for peptides. A typical example is N,N-dimethyl formamide
(DMF). Although DMF solutions have been studied with a
wide range of experimental techniques, including neutron
diffraction’, NMR, electric diffraction’ and dielectric spectro-
scopy®", the influence of hydrogen bonding on its aqueous
solutions in microwave field were not mentioned in those
researches under the varied intensities of external electromag-
netic field. Therefore, in this paper the nonequilibrium mole-
cular dynamics study DMF on the hydrogen bond distribution
under external electromagnetic field was carried out.

EXPERIMENTAL

In the simulations, the electromagnetic field was taken to
be uniform and plane-polarized in z-axis direction, i.e. the
electric compo-nent is taken to act in the X-axis direction and

the magnetic component in the Y-axis direction, the plane of
polarization is then the X-Y plane. The intensities of the electric
field and magnetic field are formulated as follows':

E(1)=E,_ cos(wt)(1i +0]+0Kk) (1)

B(t)=B, . cos(wt)(0i+1]j+0Kk) 2)

The two expressions satisfy Maxwell's equations and are
related by E(t)/B)(t) = c, where c is the speed of light. The
effects of the applied electromagnetic field on the trajectories
of the atoms were modeled using the modified Verlet velocity
algorithm", in which the half-time step velocity and position
are found in the conventional manner and the full-time step
velocity is dependent upon the respective intensities of the
electric and magnetic fields. The full-time step velocity is given
by Chang and Weng'®.

The simulations involved a total of 4000 water molecules
contained within an isotropic simulation box and considered
3 M (molality), DMF solution concentration, corresponding
216 DMF molecules. The Nosé-Hoover thermostat was used
to maintain the equilibrium temperature at 298 K and periodic
boundary conditions were imposed in all three dimensions.
The trajectories of the atoms during the equilibration process
were calculated using the Verlet velocity algorithm. To make
sure the pressure of two systems is the same at 1 bar, the NPT
ensemble was carried out in the pre-equilibrium process. The
electromagnetic field was applied in the NVT ensemble to
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isolate the field effects from the thermal effects and hence the
simulations were effectively non-equilibrium NVT (NNVT)
simulations. An external electromagnetic fields were applied
to those models, all of the fields were of frequency v =10
GHz and the root-mean-square (RMS) electric field intensities
are Erus = 0-3 x 10° V/m, (Enud/ V2B, ) respectively. Note
that the frequency and intensity of the electromagnetic field
are deliberately assigned high values such that the effects of
the field on the DMF aqueous solution can be readily deter-
mined within a short simulation time.

During the MD simulation, a time step of 1 fs was used in
all simulation, a period of 50 ps was allowed for equilibration
(NPT ensemble). Following the equilibration process, an electro-
magnetic field of the specified frequency and intensity were
applied for 100 ps. The trajectories generated were stored
every 50 fs.

RESULTS AND DISCUSSION

Fig. 1 presents the RDFs of O-O, O-H, H-H and C-C in
the DMF aqueous solution with a concentration of 3 M both
with and without an electromagnetic field. In those figures,
the intensity of the external electromagnetic field was applied.
It was also found that the positions of the first peak of g, (1)
and second peaks of g, (1) shifted to the distances bigger than
0.04 angstrom. In presence of microwave, we found that DMF
aqueous solution preserves the structure characteristics, such
as there appears to be a threshold microwave field intensity
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Fig. 1. Radial distribution functions of 3 M DMF aqueous solution with

and without applied E/M field. (a) O-O, (b) O-H, (c) H-H and (d)
C-C

below, which no tangible field effects are apparent, 10° V/m,
the lowest field strength used in this study, there was no signi-
ficant effect on the RDFs.

Fig. 2 presents microwave energy is partly transferred to
intermolecular energies of mixture, which induce the change
of distribution functions of the hydrogen bonding. The strongly
nonlinear change can be categorized as one of microwave
nonthermal effects.
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Fig. 2. Distribution functions of the hydrogen bonding
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Conclusion

In this paper, non-equilibrium molecular dynamics
simulations of the DMF aqueous were performed at 298 K
under different strengths of external electromagnetic field,
ranging from 0 to 3 x 10° V/m, to investigate the influence of
an external field on structural and the distribution functions of
the hydrogen bonding properties of DMF solution.

The results indicate DMF aqueous solution preserves the
structure characteristics, such as there appears to be a thresh-
old microwave field intensity below, which no tangible field
effects are apparent,10° V/m, the lowest field strength used in
this study, there was no significant effect on the RDFs. Micro-
wave energy is partly transferred to intermolecular energies
of mixture, which induce the change of angle distribution
functions of the hydrogen bonding. The strongly nonlinear
change can be categorized as one of microwave nonthermal
effects.
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