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INTRODUCTION

Pure 1,4-dioxane and 1,4-dioxane - water mixtures are investigated in

the framework of Monte Carlo (MC) simulations on the molecular Born-

Oppenheimer (BO) level with classical interaction site models (ISM). Our

proposed ISM for 1,4-dioxane [1], that is the chair formation DXC and the

twisted boat formation DXT, is used as well as the SPC/E model for water.

Dielectric constants (DCs) are calculated by three different methods, and

we compare our structural results with the neutron diffraction results of

Bakó et al. [2,3].

All MC simulations are done in the standard NVT ensemble. The potential

energy of a system is decomposed into a sum of shortranged and longranged

intermolecular pair interactions of Lennard-Jones - Coulomb type. The

intermolecular pair interactions are spherically truncated at half the box-

length. The longranged coulombic interactions are treated with the ewald

summation method. Polarizability of the 1,4-dioxane molecule is only taken

into account in the outlook MC simulations by an additional multiparticle

polarization part of the system potential energy leading to a better des-

cription of the DCs in the mixtures (last diagram).

OUR PROPOSED POTENTIAL MODELS FOR 1,4-DIOXANE

distances chair 1,4-dioxane twisted boat 1,4-dioxane
(DXC) (DXT)

r(OO)/Å 2.8 2.6
r(OC)/Å 1.4 1.4
r(OC)/Å 2.4 2.4
r(CC)/Å 1.5 1.5
r(CC)/Å 2.4 2.4
r(CC)/Å 2.8 2.7

angles chair 1,4-dioxane twisted boat 1,4-dioxane
(DXC) (DXT)

a(COC)/◦ 111.71 112.73
a(COC)/◦ 111.71 115.26
a(CCO)/◦ 109.20 110.51
a(CCO)/◦ 109.20 109.34
a(CCO)/◦ 109.20 110.68
a(CCO)/◦ 109.20 107.70

Lennard-Jones chair 1,4-dioxane twisted boat 1,4-dioxane
parameters (DXC) (DXT)

σ(OO)/Å 3.0 3.0
σ(OC)/Å 3.4 3.4
σ(CC)/Å 3.8 3.8
(ε/kB)(OO)/K 85.5 85.5
(ε/kB)(OC)/K 71.3 71.3
(ε/kB)(CC)/K 59.4 59.4

Merz-Kollmann (Mulliken) partial charges, chair 1,4-dioxane twisted boat 1,4-dioxane
dipole moment, polarizability tensor (DXC) (DXT)

q(O)/e0 -0.46 (-0.63) -0.49 (-0.63)
q(O)/e0 -0.46 (-0.63) -0.47 (-0.63)
q(C)/e0 0.23 ( 0.32) 0.24 ( 0.32)
q(C)/e0 0.23 ( 0.32) 0.26 ( 0.32)
q(C)/e0 0.23 ( 0.32) 0.26 ( 0.32)
q(C)/e0 0.23 ( 0.32) 0.20 ( 0.32)
µ/D 0.0 ( 0.0 ) 2.43 ( 3.12)
αxx/Å3, αyy/Å3, αzz/Å3 5.55, 5.74, 7.04 6.69, 5.71, 5.55

EXCESS ENERGY AND DC OF 1,4-DIOXANE AND EXCESS ENERGIES OF 1,4-DIOXANE - WATER MIXTURES

1,4-dioxane 〈Uex〉
kJmol−1

〈Uex

LJ
〉

kJmol−1

〈Uex

C
〉

kJmol−1 DC (1. method) DC (2. method) DC (3. method)

DXC -37.2 -31.7 - 5.5 1.00 1.00 1.00 1.00
DXT -42.7 -31.4 -11.3 12.06 8.38 9.98 11.91
DXC65DXT35 -39.0 -31.6 - 7.4 3.34 2.79 3.14 3.31

experiment -36.2 2.21

The table shows the mean inner excess energy 〈Uex〉, its Lennard-Jones part 〈Uex

LJ〉, its Coulomb part

〈Uex
C 〉and the DC of different 6-site 1,4-dioxane potential models, calculated with the below described

three different methods.

The results for DXC encourage to use DXC in MC simulations of 1,4-dioxane - water mixtures.
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The diagram shows the excess enthalpies of different
1,4-dioxane - water mixtures given in mole fractions
of 1,4-dioxane. DXC - SPC/E MC simulation results
are compared to experimental results [4].

THE DC OF 1,4-DIOXANE AND 1,4-DIOXANE - WATER MIXTURES CALCULATED BY THREE DIFFERENT METHODS

We make use of three different methods to calculate the DC ǫ of MC simulated solvents and mixtures ( with reduced

dipole density yD, Kirkwood factor gK , longitudinale- ǫL(~k) and transversale component ǫT (~k) of ǫ ):

First method: DC determination by calculation of the totale dipole moment ~M [5]

(2ǫ + 1)(ǫ − 1)

ǫ
= yDgK with yD =

∑
i

yD,i =
∑

i

ρxiµ
2

i

ǫ0kBT
=

ρµ2

ǫ0kBT
and gK =

〈| ~M |2〉

Nµ2
(1)

Second method: DC determination through the wave vector ~k dependence [6]

ǫL(k) − 1

ǫL(k)
= yD

〈|ML(~k)|2〉

Nµ2
and ǫT (k) − 1 = yD

〈|MT (~k)|2〉

2Nµ2
with lim

k→0

ǫL(k) = lim
k→0

ǫT (k) = ǫ (2)

Third method:

DC determination by expansion of the totale pair correlation function h(1,2) in a series of rotational invariants [7,8]

(2ǫ + 1)(ǫ − 1)

ǫ
= yD(1 +

ρ

3
h̃110(0)) with gK = 1 +

ρ

3
h̃110(0) and gK = 1 +

4πρ

3

∫ ∞

0

r2h110(r)dr (3)

D01W D03W D05W D08W

mole fraction xD 0.1 0.3 0.5 0.8

DC with 1. method 42.57 28.88 11.29 2.60
DC with 2. method 27.56 18.76 7.64 2.01
DC-interval with 3. method:
DC with gK from k-space 37.29 21.11 9.42 2.23
DC with gK from r-space 42.49 29.61 11.30 2.45

experimental DC 48.63 20.96 9.96 6.05

The table shows the DCs of DXC - SPC/E mixtures, calculated
with the three different methods. It can be seen that method
1 reproduces the experimental DCs better than method 2 and
method 3.

STRUCTURAL PROPERTIES OF 1,4-DIOXANE - WATER MIXTURES AND OUTLOOK TO A BETTER DC DESCRIPTION
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The diagram shows that the concept of enhanced site-site pair
correlation functions of water with decreasing water content in
the mixtures [1] can be confirmed by neutron diffraction results
from Bakó et al. [2,3]. The HW -HW pair correlation function
from neutron diffraction also shows the intramolecular HW -HW

peak, which can’t be seen in the MC simulation results.

The first maxima of the molecular pair correlation functions of
water in the 1,4-dioxane - water mixture (xD = 0.1) (left) and
in pure water (right) show the different behavior of the water
molecules in the different systems and confirm the assumption
[1] of connected chains of water in the 1,4-dioxane - water
mixture.
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The results for the DCs in the 1,4-dioxane - water mixtures over
the whole composition range can be improved by considering
the polarizability of the 1,4-dioxane molecules, especially at
increasing 1,4-dioxane content in the mixtures (red points).
The DC data obtained with calculation method 1 are 36.42
(xD=0.1), 24.21 (xD=0.3) and 3.38 (xD=0.8).
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