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Abstract

Hydrotalcite is a layered double hydroxide that precipitates spontaneously when seawater is used to neutralise wastewater 

from the Bayer process prior to disposal; however, ability to retain intercalated anions in the marine environment remains 

largely unstudied.  This paper reports preliminary results obtained from novel computational molecular models being 

developed to examine hydrogen bonding and electrostatic forces within the molecular matrix of hydrotalcite; and give 

insight into its long-term environmental stability. 

During in-situ precipitation, anionic species  that may be harmful to or accumulate in biota become entrained in hydrotalcite 

via a number of bonding mechanisms, the most common of which is held to be intercalation. Modeling of intercalation 

suggests that a structured environment within the interlamellar space that hold anions principally by hydrogen bonding 

with either water molecules or terminal –OH groups of the Mg/Al lamellae forms.  Electrostatic forces between anions and 

the metal hydroxide layers also exist, but the strength of these bonds is pH dependent and anion specifi c.   

Results show that while the most of anions are strongly held by hydrotalcite, leaching and ion-exchange of less strongly 

bonded anions may still occur.  This suggests that the long-term environmental stability of hydrotalcite may not be as great 

as previously thought.  The models show potential as useful predictive tools for other hydrotalcite bonded anionic species 

not investigated here, although some refi nements may be required to provide closer correlation with results measured for 

precipitates prepared under industrial conditions. 

1. Introduction

Coastal alumina refi neries often use seawater to neutralise their 

waste waters prior to disposal into the marine environment.  

This process takes advantage of the precipitation of synthetic 

hydrotalcites that are readily formed by reaction between 

magnesium salts and sodium aluminate solution and have 

variable stoichiometry.  Hydrotalcites are layered double 

hydroxides (LDH) consisting of octahedral layers of mixed 

magnesium and aluminium hydroxides between which anionic 

compounds become intercalated.  Their general stoichiometry is 

designated by:

[Mg
1-x

Al
x
(OH)

2
]x+[An-]

x/y
.yH

2
O

where A may be any anion.  
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Figure 1:  the layered double hydroxide structure as depicted in Goh et al 

(2008).

Industrial seawater neutralisation systems are dynamic, producing 

hydrotalcites dominated by materials having magnesium to 

aluminium ratios of 2:1 and 4:1 (Smith et al, 2005).  CO
3

2- and C
2
O

4
2- 

are the most common intercalates, but any larger in-situ metalloid 

or transition metal molecule may be recovered.  The effi  ciency of 

recovery is dependent upon changes to the molecular structure 

and charge density – both of which are aff ected by the pH at 

which precipitation occurs (Smith and Parkinson, 2006). Molecular 

structure, stoichiometry and the types of intercalate therefore 

depend upon industrial operating conditions under which the 

hydrotalcite is produced.

However, in-situ transition metal anions may be recovered from 

waste water in a number of ways, each of which exhibits a diff erent 

degree of stability and ease by which the transition metal may be 

released back into the environment.  The more environmentally 

stable precipitates are expected to form where transition metal 

anions replace Mg and/or Al in the octahedral layers.  Those which 

are bonded as pillars joining the layers are likely to be less stable.  

Stability decreases further where the anions are intercalated or 

surface absorbed.  The decreasing bond strengths makes them 

more susceptible to removal from the precipitate meaning that 

some precipitates may not be as stable as originally thought, and 

may create a source of future environmental contamination.

Intercalated anions contained within hydrotalcite found on 

the seafl oor around coastal alumina refi neries (e.g. CrO
4

2-) may 

be environmentally detrimental, so it is of interest to develop a 

means of estimating their stability within the hydrotalcite matrix 

and the rate at which they might be released.  Modeling of the 

hydrotalcite structure off ers an opportunity to do this and when 

compared with industrial operations, identify and select operating 

conditions that allow both the recovery of specifi c toxic anions 

and the stability of the hydrotalcite matrix to be maximized.  

A number of experimental techniques (Prasanna and Vishu 

Kanath, 2008; Palmer et al, 2009) have been used to characterize 

hydrotalcite structures; but the disordering of hydrotalcite 

particles makes a full description of the arrangement of 

intercalated anions and water molecules within the interlamellar 

space diffi  cult.   Computational chemistry tools based on classical 

force fi elds and quantum-chemical methods are not limited in 
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this manner and therefore off er one means by which fundamental 

measures of molecular stability (such as bond strength) can be 

estimated. This in turn may provide opportunities to identify 

and select industrial operating conditions that permit both the 

recovery of specifi c anions from solution and the stability of the 

hydrotalcite matrix to be maximized.  

Over the past decade, a number of molecular models leading 

to improved insight of hydrotalcite’s interlamellar structure and 

dynamics (Aicken et al, 1997; Fogg et al, 1999; Rives and Angeles 

Ulibarri, 1999; Wang et al, 2003; Zhang et al, 2008; Kovar et al, 2007) 

have been reported.  These include descriptions of hydration 

and swelling (Smith, 1998; Kumar et al, 2006)_ENREF_14, 

bonding (Wang et al, 2005; Kumar et al, 2007) and diff usivity 

of intercalated anions (Newman et al, 2002).  These models are 

generally restricted to simple species such as Cl-, CO32- and NO3- 

or complicated organics, with intercalated transition metal anions 

generally unreported. This paper reports preliminary outcomes of 

a project that seeks to address this knowledge gap by comparing 

computational molecular dynamics simulations for hydrotalcites 

containing transition metal anions against those for hydrotalcite 

intercalated with CO32-.

2. Method

2.1 Preparation of synthetic hydrotalcite

Batch solutions of 1 molar sodium aluminate were prepared by 

dissolution of aluminium pellets or foil in sodium hydroxide.  These 

solutions were cooled and fi ltered to remove any residue prior 

to fi nal dilution and standardization.  Synthetic hydrotalcites of 

varying stoichiometry were prepared by mixing varying volumes 

of sodium aluminate and 1 molar magnesium chloride.  Where 

required, sodium salts of vanadate, chromate, and carbonate 

were dissolved and added directly into the sodium aluminate 

immediately prior to reaction.  The amounts of these salts were 

calculated to produce solution concentrations representative of 

the industrial process.

To provide an insight into intercalate stability, the hydrotalcite 

was washed fi rst with water and then with a strong ion-exchange 

solution (e.g. 2.5M Na2CO3).  0.3g portions of hydrotalcite were 

washed with 40mls demineralised water to remove surface 

adsorbed anions.  Other 0.3g portions were stirred with 10ml 2.5M 

Na2CO3 for a minimum 30 minutes followed by addition of 30ml 

demineralised water to remove ion-exchangeable anions.  Each 

solution was then allowed to stand for a minimum 24hours, prior 

to fi ltration and drying in air.  All fi ltrates were then mixed with 

2ml of 70% HNO3 and diluted to 50ml with demineralised water 

prior to submission for ICP-MS analysis. The air dried samples 

were analysed by Powder X-Ray diff raction.

XRD patterns were obtained using Co Kα (1.789Å) radiation on 

a Philips PW3710 coupled with a 1050 Goniometer and using 

curved graphite PW1752 diff racted beam monochromator 

with receiving slit height of 0.2 mm.  Diff raction patterns were 

recorded at 10kV/10mA across the range 5 to 70 degrees 2θ, using 

a step size of 0.020 degrees timed at 1 second per step.  Where 

diff raction patterns were poor, the 2θ step size was reduced and 

a longer analytical time used to provide greater sensitivity.  Peaks 

were defi ned using calculations based on determination of the 

minimum of the second derivative with minimum signifi cance of 

0.6 degrees 2θ.

2.2 Computational Modeling

The initial crystal structure was based on the previously reported 

crystal structure of Mg4Al2(OH)12 CO3 .3H2O. The basic model 

was developed using average results from XRD analyses.   Using 

the measured lattice parameters a and b = 3.054Å; c = 22.809Å; a 

= 90°; b = 90°; and g = 120°,   models of 2 hydrotalcite layers, each 

containing 8 by 6 atomic rows and  giving total parameters a = 

24.432 Å, b = 18.324Å, and c = 22.809Å were constructed (refer 

Figure 2). The unit cell of the crystal was assumed to be contained 

within the triclinic Bravais Lattice having space group R-3m. 

Mg and Al atoms were randomly distributed within the structural 

matrix to generate a structure having a Mg/Al ratio of 2:1 with 

each hydroxide layer containing a total layer charge of +8, which 

was balanced by the random introduction of anions between two 

host layers. A similar 4:1 supercell was also built.

Figure2:  Hydrotalcite supercell containing interlamellar water molecules. 

Green balls represent Mg atoms, pink = Al, red= oxygen, and grey=hydrogen.

Molecular dynamic simulations were then performed using 

Forcite in Material Studio (4.4 and 5.5). Universal Forcefi eld 

parameters were assigned to all atoms in the LDH, the water, and 

the anions permitting generalized geometry optimizations and 

MD simulations to be undertaken. Charges for the LDH and water 

molecules were modifi ed according to the CLAYFF force fi eld 

(Cygan et al, 2004; Cygan et al, 2009) to compensate for infl uences 

of layer charge on interlamellar anion packing modes.

Prior to MD simulations geometry optimizations of the hydrotalcite 

intercalated with anions and water molecules were carried out. 

Electrostatic and van der Waals energies were calculated by 

the Ewald summation method and minimizations carried out 

by Quasi-Newton procedure. Periodic boundary conditions 

were applied in three dimensions so that the simulation cell is 

eff ectively repeated infi nitely in each direction.  

Initially the host layers in the supercell were held as rigid units to 

allow the lattice parameter c (gallery height) to vary. The structures 

of the anions were also held rigid using the ‘keep motion groups 

rigid’ function available in geometry optimization in Forcite. This 

enabled the mutual positions of the host layers and positions and 

orientations of the guest layers (anions and water molecules) to 

vary and optimize to a minimum with respect to each other. 

These optimized structures were then used as the starting 

confi gurations for the MD simulations, performed in the NVT-

ensemble (constant-volume/constant-temperature) where 

atoms in both the host and guest layers were released. Since all 

atoms in each system were completely free to move during these 

simulations, using the constant-volume modelling approach with 

a fi xed cell shape does not introduce signifi cant limitations to the 

resulting interfacial structure, dynamics and energetics of water.

MD simulations were performed in NVT-ensemble at 300 K and 

a time step of 0.001ps was used for all simulations.  Analysis 

of the simulations revealed that equilibrium values for the 

thermodynamic parameters were generally reached within the 

fi rst 20 ps using an Andersen thermostat. An initial MD simulation 

of 30ps was carried out using Andersen thermostat followed by 

200ps simulations with Nosé thermostat for diff erent hydration 

states, n, of the system.  
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3. Results 

Lattice parameters determined from powder X-ray diff raction 

measurements made for synthetic hydrotalcites are presented 

in Table 1. They refl ect the distinction between the two major 

hydrotalcite phases and are consistent with generally accepted 

values published elsewhere. 

Data presented in Table 2 indicates that the ability of synthetic 

hydrotalcite to recover and retain transition metal anions varies 

across anion type and pH.  Although these data are statistically 

weak, it can be generally concluded that a large proportion of 

transition metal anions retained by hydrotalcite are not easily 

removed by washing or CO32- ion-exchange.  

The relative ease by which anions can move within the interlamellar 

space is estimated from self-diff usion coeffi  cients determined 

from molecular models and presented in Table 3.  Variability of 

parameters across anion and hydrotalcite type provides insight 

into structural stability. The eff ects of interlamellar swelling, which 

can also impact anion mobility is shown by varying the number 

of water molecules resident within the interlamellar space and 

presented in Table 4.  

Table 1:  Experimental lattice parameters determined from 

PXRD analyses of synthetic hydrotalcites.   

Parameter [Mg0.67Al0.33(OH)2](CO3)0.16.xH2O [Mg0.80Al0.20(OH)2](CO3)0.10Cl0.20.
xH2O

x 0.33 0.20

a 3.12 3.15

c 22.8 24.3

I 2.8 3.3

t
a

242.1 112.3

t
c

173.8 195.2

d
003

7.61 8.11

d
110

1.56 1.57

Where a, c, I (interlamellar space); t
a
 and t

c
 as the crystallite thickness 

along the a and c planes respectively, are expressed as angstroms 

(Å).  x is the ratio of trivalent:total cations ( )( MgAlAl  ) in the 

lamellar structure

Table 2:  Relative proportions of in-situ anions recovered during 

precipitation of hydrotalcite and then released by 

water washing and ion-exchange.  

A:  [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O

Anion n Recovered from 

solution

Removed 

by water

Removed by 

carbonate

Not 

removed

VO
4

3- 2 46.4 % 4.5 % 14.0 % 27.9%

CrO
4

2- 5 85.7 ± 4.2% 3.2 % 11.0 % 71.4 %

B:  [Mg0.80Al0.20(OH)2](CO3)0.10Cl0.20.xH2O

Anion n Recovered from 
solution

Removed 

by water

Removed by 

carbonate

Not 

removed

VO
4

3- 2 78.4 % 0.4 % 5.8 % 72.2 %

CrO
4

2- 6 99.4 ± 0.1% 14.2 % 27.8 % 57.4 %

MoO
4

2- 6 60.9 ± 9.5 % 2.3 % 28.9 % 29.7 %

MnO
4

- 1 0.2 %  0.1% < 0.1% < 0.1%

Table 3:   Modelled self diff usion coeffi  cients (expressed as Å2/

ps) for anions trapped within the interlamellar space 

of industrial hydrotalcites.

Intercalate [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.

xH
2
O

[Mg
0.80

Al
0.20

(OH)
2
](CO

3
)

0.10
Cl

0.20
.

xH
2
O

CO
3

2- 1.07 x 10-3

C
2
O

4
2- 6.26 x 10-4

CrO
4

2- 2.19 x 10-3 4.14 x 10-3

MoO
4

2- 4.01 x 10-3 2.22 x 10-3

VO
4

3- 2.67 x 10-3

Table 4:  Variation in interlamellar space (expressed as Å) with 

increasing levels of water placed into the interlamellar 

space of [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O.

Number of molecules 

of H
2
O

0 4 12 18

Intercalate

CO
3

2- 2.53 2.86

C
2
O

4
2- 2.53 3.13

CrO
4

2- 3.61 3.87 4.16 4.19

MoO
4

2- 3.57 3.80

VO
4

3- 2.54 3.10

4. Discussion 

Charge density calculations can be used to estimate the 

relative stabilities of diff erent anion types contained within the 

hydrotalcite matrix.  The fi rst step in is to determine the effi  ciency 

of the anion recovery process.  This is dependent upon pH and 

a number of physical factors including the anion’s dimensions, 

charge density and its ability to successfully compete with other 

anions for bonding at the hydrotalcite lamellae where substitution 

of Mg2+ by Al3+ has created a net positive charge.  A measure of the 

effi  ciency of anion recovery by hydrotalcite (E
R
), can be estimated 

according to: 

A

HT
x

R Q
Q

Al
A

E /
][
][

3 







 



   (1)

where Ax- is the anion and charge densities are represented by 

Q.  Calculation of individual charge densities of the hydrotalcite 

lamella (Q
HT

) and the interlamellar anions (Q
A
) are discussed below. 

Average lamella charge density and the average distance between 

adjacent interlamellar anions can be calculated directly from 

measured stoichiometry and PXRD data.  The average distance 

between adjacent interlamellar anions (d
z
) may be determined 

from:

x
na

dz 
   (2)

where x is the mole fraction of Al3+, n is the anionic charge and a 

is the average lamellar cation – cation distance (nm), calculated 

from the measured d
110

 spacing.  This calculation also permits the 

point locations to be estimated and applied to molecular models.

Where the bonding angle (θ) between cations is known, charge 

density across the surface of the lamella may be calculated using:.

)sin( 2 a
xe

QHT 
   (3)

This provides a ‘two-dimensional’ measure (expressed as e/nm2) 

which is suitable for layers (Ni et al, 2006).  However, anions 
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require a measure of charge density over three dimensions (e/

nm3) so a more meaningful concept requires the dissipation of 

charge density into the interlamellar space (I) to be taken into 

account by adjusting equation 3 to:

)sin(*2/1 2 aI
xe

QHT 
 (4)

The presence of transition metal anions in hydrotalcites does not 

appreciably aff ect d
110

, so any impact on Q
HT

 through changes 

to either a or I remains negligible.  As more Al3+ enters into 

the lamellar structure charge density increases, but remains 

generally independent of the type of intercalate present during 

precipitation.  Conversely, interpillar distances vary signifi cantly 

with the type and amount of transition metal present, resulting in 

increase to d
z
 values with larger anion dimensions.  

The next step is to consider charge density of the anions. For 

single molecules of volume V, anion charge density per unit 

volume can be calculated using:

ionic
A V

n
Q 

   (5)

where V is the ionic volume obtained from literature (Jenkins et al, 

1999; Roobottom et al; 1999).  From these anion charge densities 

and the maximum number of anions required to balance a single 

charge point on each hydrotalcite lamella can be calculated using:

a

c
HT Q

Q
N 

   (6)

E
R
 is then determined by comparison with values determined 

from experimental measurements of the anion:Al molar ratio (N
HT 

Exp
) for the solids using the previously defi ned equation:

A

HT
x

R Q
Q

Al
A

E /
][
][

3 







 



  (7)

These values are presented in Table 5.  They suggest that 

recovery and possibly the stability of anions retained within the 

interlamellar space of [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O follow a 

sequence: CO
3

2- > VO
4

3- > MoO
4

2- > CrO
4

2-.  For [Mg
0.80

Al0
0.20

(OH)
2
]

(CO
3
)

0:10
Cl

0.20
.xH

2
O, the sequence is: VO

4
3- > MoO

4
2- > CrO

4
2- > CO

3
2-

.  However, recovery of CrO
4

2-, MnO
4

- and MoO
4

2- is lower than 

expected and the recovery sequence does not appear to compare 

closely with experimentally acquired data (refer Table 2). Further 

work is required to determine if this is a function of competition 

between anions for bonding locations. While they may still 

undergo a degree of adsorption and/or intercalation, it is possible 

that they do not participate in charge dissipation in this manner 

because they are otherwise bonded to the hydrotalcite lamellae.

Table 5:  Charge density, predicted and experimentally 

determined maximum charge balance ratios (N
Exp

) for 

some transition metal anions and carbonate.

Qa N
2:1 HT

N
2:1 HT Exp

ER N
4:1 HT

N
4:1 HT Exp

E
R

2:1 LDH 8.38

4:1 LDH 12.42

VO
4

3- 42.9 0.20 0.05 25% 0.29 0.25 86%

CO
3

2- 32.8 0.26 0.23 88% 0.38 0.04 11%

CrO
4

2- 25.0 0.34 0.04 12% 0.50 0.13 26%

MoO
4

2- 22.7 0.37 0.03 8% 0.55 0.20 36%

MnO
4

- 11.4 0.74 <0.01 <1% 1.09 0.01 1%

5. Computational modelling

Computational modelling provides another range of parameters 

that can be used to describe the stability of anions within the 

molecular matrix.  Self-diff usion is one concept that can be used 

to evaluate the mobility of anions within the interlayer space and 

provide insight into long-term stability.  The diff usion co-effi  cient 

(D) is determined from the modelled velocity autocorrelation 

function using:

    20
6
1lim rtr
t

D
t




   (8)

In practice, it is calculated from the gradient of the longest part 

of the fl attest sequence of the mean-square displacement (MSD) 

graph (Zhang et al, 2008), as shown in Figure 3.  It is a measure 

of the average planar distance of all random movements of the 

anions in the interlamellar space and is therefore analogous 

to Brownian motion.  MSD is proportional to the strength of 

the electrostatic bonds between the anion and the hydroxide 

functional groups of the layer and relates directly to the relative 

ease with which an anion can be removed from the interlayer 

space by ion-exchange mechanisms.

Figure 3 show a gradual increase along an almost constant 

gradient that terminates with a signifi cant upward curvature.  

Gradients are measured over the 50 – 350ps span where the 

graph remained essentially constant.  The fl atness of MSD lines 

for C
2
O

4
2-, CO

3
2- and VO

4
3- indicate that these anions are likely to be 

tightly held by electrostatic forces within the interlamellar space. 

CrO
4

2- and MoO
4

2- show signifi cant curvature, suggesting weaker 

bonding and a greater degree of mobility within the interlamellar 

space.

0
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Figure 3:  relative diff usivity of anions in [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O.

Values for diff usivity of anions estimated from the models were 

calculated indicate that bond stability of anions contained by 

[Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O follows the sequence VO

4
3- > CO

3
2- 

> C
2
O

4
2- > MoO

4
2- > CrO

4
2-.  This compares well with the sequence 

obtained using charge density calculations but again, not for the 

experimentally measured data obtained from desorption studies.

It appears that calculated diff usion rates across the interlamellar 

space tend towards higher values for [Mg
0.80

Al0
0.20

(OH)
2
]

(CO
3
)

0:10
Cl

0.20
.xH

2
O than [Mg

0.67
Al

0.33
(OH)

2
](CO

3
)

0.16
.xH

2
O – which 

refl ects the greater distance between the Al points of charge.  

While the total volume of electrostatic charge generated in 

the [Mg
0.80

Al0
0.20

(OH)
2
](CO

3
)

0:10
Cl

0.20
.xH

2
O interlamellar space 

remains comparable to that of [Mg
0.67

Al
0.33

(OH)
2
](CO

3
)

0.16
.xH

2
O,  

the decreased availability of CO
3

2- in solution should reduce 

competition and allow more highly charged molecules to move 

into the interlamellar space.  However, the increased rates of 

diff usion also mean that transition metal anions may be more 

readily removed from the interlamellar space. 



64 Proceedings of the 9th International Alumina Quality Workshop • 2012

Preliminary modelling also suggests that the amount of 

interlamellar water may have an important impact upon the 

mobility of anions within the interlamellar space.  Where water 

exists in a layer between the anion and the terminal hydroxyl 

groups of hydrotalcite, outer-sphere surface complexation results 

in the anion becoming more mobile (Kalinichev et al, 2000).  

However, further detailed modelling is required to determine if 

the presence of additional interlamellar water aff ects the rates of 

diff usion and the comparative increase in diff usion for all anions 

in the low pH hydrotalcite.  

This may be of serious concern as CrO
4

2- is a potentially toxic 

species that becomes trapped within the interlamellar space.  

Its position at the lower end of the sequence suggests that 

it may undergo ion-exchange and be released back into the 

environment from industrial precipitates.  The rate of exchange 

will be dependent upon the degree of swelling, the strength of 

the bonds and the nature of the ion-exchange agent, which in the 

marine environment is most likely to be SO
4

2- and Cl-.  

These species have not been included in the models thus far, so 

it would be of great interest to see where they would fi t in the 

sequence particularly as this might provide better insight into the 

suitability of hydrotalcite as long-term ameliorant for CrO
4

2-.  If 

they hold a position of greater stability in the sequence, then it is 

reasonable to conclude that they are likely to dislodge CrO
4

2- from 

the interlamellar space. 

6. Conclusions

Basic computational molecular models describing the two most 

common types of hydrotalcite precipitated in the industrial 

seawater neutralisation systems have been developed. The 

preliminary results provided here suggest that they have a role to 

play in describing the stability of anions that have been recovered 

by hydrotalcite during seawater neutralisation of Bayer process 

waste waters.  

They provide outcomes comparable with those obtained from 

charge density calculations using experimental X-ray diff raction 

data and demonstrate the ability to compensate for structural 

change brought about by factors such as interlamellar swelling.  

Using measures of self-diff usion, the stability of anions within 

the interlamellar space was shown to follow a sequence:  

VO
4

3- > CO
3

2- > C
2
O

4
2- > MoO

4
2- > CrO

4
2-. 

However, there is a need to produce a more detailed sequence of 

interlamellar stability that covers a wider range of anions so that 

the long term environmental eff ects of hydrotalcite in the marine 

environment can be better modelled.

The basic models have produced meaningful outcomes, 

but further work is required before they can be applied with 

confi dence to other ionic species.  Some next steps include 

constructing larger unit cell structures and measuring other 

parameters such as hydration energies to identify preferred 

hydration states and determine points where the molecules are 

the most stable in order to produce more accurate models.  

Alternate forcefi elds such as the ab initio forcefi eld COMPASS 

and optimization of anion structure and charges using the B3LYP 

(Becke, 1988; Becke 1993) method and the LANL2DZ_ENREF_23 

(Wadt and Hay, 1995) basis set, suitable for transition metals_

ENREF_24 (Hedegard et al, 2009) are to be investigated.  These 

should lead to better defi nitions of competition for bonding sites, 

the locations of anions within the molecular structure, and of 

the infl uence of interlamellar water on the rate of their diff usion.  

Once completed, a better indication of the environmental 

stability of industrial hydrotalcites in the marine environment 

may be possible.
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