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Introduction

The 1,4-dioxane - water mixture is one of the typical solvents used in

various applications, such as liquid chromatography, solvent extractions

and organic synthesis. 1,4-dioxane is completely miscible with water at

any composition.

The dielectric constant in a 1,4-dioxane - water mixture varies continuously

from 2.21 in pure dioxane to 78.56 in pure water at 25◦C. Solution of

alkali halides and other salts is possible in definite solubility boundaries at

different compositions.

By using Monte Carlo (MC) simulations, we did some studies on the mole-

cular Born - Oppenheimer (BO) level concerning the structural pecularities

in these systems. Especially interesting is the comparison of local solvation

structures with the solvation of alkali halides in nonaqueous polar fluids

[1] as well as a consideration of the influence of selective solvation on the

structure of solvation shells.

Simulations demand potential models. Among the water potentials we

used the SPC/E water model. The molecular structure of 1,4-dioxane

has been studied by ab initio calculations, resulting in several equilibrium

structures with similar energies, showing a chair formation and a twisted

boat formation as low energy equilibrium configurations [2].

To construct an interaction potential for dioxane we fullfilled ab initio cal-

culations with small model ensembles of two dioxane molecules and one

dioxane and three water molecules [3].

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

                                        

Constructed pair potential model

for 1,4-dioxane

The CH2-group is considered as one C-site.

Intramolecular distances, angles, and partial charges according to the Merz-

Kollmann scheme are from GAUSSIAN98.

Intermolecular Lennard - Jones parameters are from the tetrahydrofuran -

model [4], [5].

1,4-dioxane (chair): 1,4-dioxane (twisted boat):

distance Angstroem angle degree

d(O-O) 2.8 a(C-O-C) 111.71

d(O-C) 1.4 a(C-C-O) 109.2

d(O-C) 2.4

d(C-C) 1.5

d(C-C) 2.4

d(C-C) 2.8

distance Angstroem angle degree

d(O-O) 2.6 a(C-O-C) 112.73

d(O-C) 1.4 a(C-O-C) 115.26

d(O-C) 2.4 a(C-C-O) 110.51

d(C-C) 1.5 a(C-C-O) 109.34

d(C-C) 2.4 a(C-C-O) 110.68

d(C-C) 2.7 a(C-C-O) 107.70

site charge in [e]

O -0.46

O -0.46

C 0.23

C 0.23

C 0.23

C 0.23

site charge in [e]

O -0.49

O -0.47

C 0.24

C 0.26

C 0.26

C 0.20

site - site σ in [A] ǫ/kB in [K]

O - O 3.0 85.5

C - C 3.8 59.4

O - C 3.4 71.3

site - site σ in [A] ǫ/kB in [K]

O - O 3.0 85.5

C - C 3.8 59.4

O - C 3.4 71.3

SPC/E potential model of water [6]

distance Angstroem angle degree

d(O-H) 1.00 a(H-O-H) 109.47

d(H-H) 1.63

site charge in [e]

O -0.848

H 0.424

site - site σ in [A] ǫ/kB in [K]

O - O 3.17 78.2

H - H 0.0 0.0

O - H 1.585 0.0

Ion parameters of the Lennard - Jones potentials

for alkali and halide ions

ion σ in [A] ǫ/kB in [K]

Li+ 2.37 17.9

Na+ 2.73 43.0

K+ 3.36 134.7

Cl− 4.86 20.2

I− 5.40 49.1

Monte Carlo simulation

The standard NVT method with Metropolis sampling is used, together

with periodic boundary conditions. Intermolecular shortranged interac-

tions are spherically truncated at half the boxlength. The longranged

electrostatic interactions are treated with the Ewald summation method.

In the course of the MC simulations intermolecular site - site pair correlation

functions are calculated. From them equilibrium structural properties of

liquids, mixtures and solutions can be discussed.

In the following the twisted boat structured 1,4-dioxane is used.

Site - site distribution functions of 1,4-dioxane

and of 1,4-dioxane in dioxane - water mixtures
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1,4 - Dioxane (twisted boat)

g(r): goo (black), goc (red), gcc (green)
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1,4 - Dioxane (twisted boat) in the mixture with SPCE water

goo(r) only at DX : x(DX) = 1.0 (black); 0.8 (red); 0.5 (green); 0.3 (blue); 0.1 (magenta)

0 5 10 15
r/A

0

0,5

1

1,5

g(
r)

1,4 - Dioxane (twisted boat) in the mixture with SPCE water

goc(r) only at DX : x(DX) = 1.0 (black); 0.8 (red); 0.5 (green); 0.3 (blue); 0.1 (magenta)
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1,4 - Dioxane (twisted boat) in the mixture with SPCE water

gcc(r) only at DX : x(DX) = 1.0 (black); 0.8 (red); 0.5 (green); 0.3 (blue); 0.1 (magenta)

With decreasing concentration of dioxane in the mixture the distribution

functions are altered.

Site - site distribution functions of SPC/E water

and of SPC/E water in dioxane - water mixtures
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SPCE water
g(r): goo (black), goh (red), ghh (green)
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SPCE water in the mixture with 1,4 - Dioxane (twisted boat)

goo(r) only at SPCE : x(DX) = 0.0 (black); 0.1 (red); 0.3 (green); 0.5 (blue); 0.8 (magenta)

blue peak:     gmax(r) = 11.5
magenta peak:gmax(r)=28.7

running coordination number

at r = 3.3 A:   3.6 (red); 2.8 (green)

at r = 3.4 A:   2.4 (blue); 1.5 (magenta)
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SPCE water in the mixture with 1,4 - Dioxane (twisted boat)

goh(r) only at SPCE : x(DX) = 0.0 (black); 0.1 (red); 0.3 (green); 0.5 (blue); 0.8 (magenta)

magenta peak: gmax(r) = 15.0
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SPCE water in the mixture with 1,4 - Dioxane (twisted boat)

ghh(r) only at SPCE : x(DX) = 0.0 (black); 0.1 (red); 0.3 (green); 0.5 (blue); 0.8 (magenta)

Characteristic SPC/E water distribution functions appear at all mixtures.

The increasing first peaks at decreasing water concentration in the mixtures

give rise to speculate about water cluster assembling. But the decreasing

running coordination numbers show that the opposite is true.

Ion - ion distribution functions

in 1,4-dioxane - water - NaCl solutions (xD = 0.17, ǫs = 36.4)
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Sodium chloride in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)

gNaCl(r): c(NaCl) [mol/l] = 1.01 (red); 1.51 (black)

running coordination number at r = 4.0 A: 

0.3 (red); 0.4 (black)

The very high first peak of the distribution functions indicates ion associa-

tion in the diluted solutions in the mixed solvent.

Ion - solvent distribution functions

in 1,4-dioxane - water - NaCl solutions (xD = 0.17, ǫs = 36.4)
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Sodium chloride in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)

gNaSolvent(r): NaO(DX) (black); NaC(DX) (red); NaO(W) (green); NaH(W) (blue)

c(NaCl) = 0.13 mol/l (...)

c(NaCl) = 0.50 mol/l (---)

c(NaCl) = 1.51 mol/l (___)
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Sodium chloride in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)

gClSolvent(r): ClO(DX) (black); ClC(DX) (red); ClO(W) (green); ClH(W) (blue)

c(NaCl) = 0.13 mol/l (...)

c(NaCl) = 0.50 mol/l (---)

c(NaCl) = 1.51 mol/l (___)

Selective solvation
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Sodium chloride in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)

gIonOSolvent(r): NaO(DX) (black); NaO(W) (red); ClO(DX) (green); ClO(W) (blue)

c(NaCl) = 0.13 mol/l (...)
c(NaCl) = 0.50 mol/l (---)

c(NaCl) = 1.51 mol/l (___)

r.c.n.

The first black and red peaks at 2.5 A show that dioxane as well as water

appear in the first solvation shell of the sodium ion. The first blue and

green peaks at 3.3 A and 5.1 A show that only water appears in the first

solvation shell of the chloride ion.

Other alkali halides in comparison to sodium chloride
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Alkali chlorides (c = 0.25 mol/l) in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)
gIonOwater(r): LiO (black); NaO (red); KO (green); ClO (blue,yellow,brown)
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Alkali iodides (c = 0.25 mol/l) in 1,4-Dioxane - SPCE water mixture (x(DX) = 0.17)
gIonOwater(r): LiO (black); NaO (red); KO (green); IO (blue,magenta,brown)

Conclusions

• An interaction potential model for 1,4-dioxane is proposed.

• 1,4-dioxane - water mixtures are studied on BO level with MC simulati-

ons.

• An enhancement of water structure in the mixture can be seen from site

- site pair correlations.

• Ion solvation is studied in a 1,4-dioxane - water - NaCl mixture (

xD = 0.17).

• Ion association is seen in diluted solutions of NaCl in this solvent

(ǫs = 36.4 at room temperature).

• Selective solvation of anions is clearly seen in the system.
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