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Mixtures of trivalent metal halides with alkali halides are involved in many

technologies but, from a more fundamental and general perspective, are wor-

thy of study as interesting systems in which to examine the relationship between

atomic-scale structure and physical properties. Here we examine the relation-

ship between the viscosity and local and longer range structural measures in such

mixtures where the trivalent metal cations span a significant size range and ex-

hibit different behaviours in the dependence of their viscosity on the mixture

composition. We characterise the structure and dynamics of the first coordina-

tion shell and the relationship between its structural relaxation time and the shear

relaxation time of the mixture (the Maxwell relaxation time). We are then led

to an examination of the structure of the networks which progressively form be-

tween the trivalent metal cations as their concentration increases in the mixtures.

Here we find significant differences between small and larger cations, sufficient

to explain the different behaviour of their viscosities. We draw attention to the

similarities and differences of these networks which those which form in highly

viscous, glass-forming materials like BeF2:LiF.

1 Introduction

Molten salt mixtures play a central role in several emerging technologies, such

as molten salt nuclear reactors1 and pyroprocessing of nuclear waste2–4, as well

as in more established processes, like aluminium refinement5. Often the nature

of the application involves extreme physical conditions, and the refinement of

the selection of the salt requires knowledge and understanding of the way the

physical properties respond to changes in composition, temperature etc. The ac-

cepted way to develop such understanding in modern liquid state science is via

an appreciation of the link between atomic-scale structure and the properties of

interest. Alongside the technological drive for designing suitable salts, “simple”

inorganic molten salt mixtures have many favourable characteristics for pursuing

the structure/property paradigm at a fundamental level - and in detail. Regarded

as mixtures of spherical ions they are uncomplicated from the perspective of per-

forming a range of directly interpretable experiments on structure. From a theo-
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interpreted on the basis of a well-defined coordination number of 6, expected to

persist across the composition range of mixtures20. More recent experimental

and simulation studies have challenged this viewpoint. Neutron scattering al-

lowed structure factors to be measured to much larger values of the scattering

vector than could be achieved in the early X-ray measurements and hence al-

lowed much better resolution of the full shape of the first peak of the M-Cl radial

distribution function (RDF)21–23 and thereby a more reliable value for the coor-

dination number. The development of X-ray absorption fine structure measure-

ments (EXAFS) on synchrotron sources allowed the structure around a particular

cation to be measured even in relatively dilute solutions13 where, previously,

only the Raman observations had been possible. Finally, simulations have been

refined to the point where, from a single simulation, the experimental data from

all the experiments (X-ray 12, neutron11, EXAFS13, Raman 24) performed on a

given melt can be accurately reproduced giving the confidence that the uniquely

detailed information available from an analysis of the ionic positions generated

in the simulation trajectory is a faithful representation of the real material.

Such studies suggest a refinement of the traditional picture of a fixed coordi-

nation number. Firstly, in a melt the instantaneous coordination numbers around

an ion take on a range of values around some preferred number13,24. For exam-

ple, as discussed in reference 13, the instantaneous coordination number around

a La3+ ion in a (LiCl−KCl)eut chloride melt ranges from 6 to 8 for a low mole

fraction xLaCl3 =0.01 and the experiment averages over their different contribu-

tions to the observable. Secondly, this distribution of instantaneous coordination

numbers shifts with composition in mixtures, and in dilute solutions of a MCl3
system in a weakly-coordinating alkali chloride the M3+ coordination does tend

towards a well-defined value, in the sense that the distribution narrows around

this value 13,24. Furthermore, this dilute solution value is overwhelmingly likely

to be 6 in chloride melts even across the very wide range of cation sizes in the set

of interest. These realisations indicate that if we are to fulfil the objective of un-

derstanding the structure/property relationship in mixtures we will need to look

well beyond the traditional mean coordination number measure of the former.

The picture which emerges of the ideal dilute solution then is of isolated

octahedral coordination complexes around each M3+ cation floating in a sea

of anions and alkali cations as illustrated in Figure 1. The cation could be re-

garded as having competed more strongly for the anions than the alkali cations

and completed its ideal coordination structure. As the mixture becomes more

concentrated this picture has to evolve; for example, beyond a composition of

MCl3:3AC, or xMCl3 = 0.25 (A+ represents an alkali cation), there are simply not

enough chloride anions in the melt for isolated 6-coordinate clusters to form. Be-

haviour based on two extreme scenarios may follow, either the cation can reduce

the number of anions in its coordination shell to remain isolated, or the individual

cations might begin to share anions and have overlapping shells. There is good

evidence to show that in the much studied case of cryolitic melts (AlF3:NaF) the

former happens25–30 but for the chloride melts of principal interest to us, there

is an increasing degree of corner and edge-sharing between coordination polyhe-

dra as the MCl3 concentration increases, leading ultimately to a network struc-

ture13,24. Rather than decreasing the coordination number this process leads to

an increase in the mean coordination number for the larger cations, reaching 8 in
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La3+, for example. The rate at which this increase happens as the concentration

changes depends on the identity of the alkali cation13 as well as the M3+ ionic

size, indicating that the tendency to corner or edge-share reflects a competition

for coordination to the anions by the M3+ and alkali cations.

Fig. 2 Snapshots of a system consisting in LaCl3 dissolved in the eutectic

(LiCl−KCl)eut at two different concentrations (blue: K+, green: Li+, red: Cl− and

black: La3+). The ionic bonds between the La and their first shells of Cl neighbors are

shown with black sticks. Left: xLaCl3 = 0.1, right: xLaCl3 = 0.5.

In the remainder of this article we will illustrate the structure/property paradigm

by showing how, just one physical property, the viscosity, is influenced by these

factors affecting the structure of the melt as we vary its chemical composition. At

the pictorial level, one can illustrate the origins of this connection by imagining

a shear applied to the structures pictured in Figure 2 and trying to envisage how

they will relax to a new configuration. This will involve some combination of a

breaking or relative movement of the coordination complexes or, in the La pic-

ture, the stretching or breaking of the “bonds” which make up the network struc-

ture. The viscosity is an important physical property in some of the technologies

mentioned at the outset. For example, in one design for a large scale molten salt

reactor the liquid core is pumped at a very high rate to ensure, amongst other

things, sufficiently rapid heat transfer. Clearly, it is vital to understand how the

viscosity of the core would change as its composition is altered by the nuclear

reaction or the addition of fresh fuel or by a change in temperature.

2 The simulations

We have conducted molecular dynamics simulations on mixtures composed of

MCl3 (where M3+ is Y3+, Tb3+, La3+, U3+) dissolved in (LiCl–KCl)eut , at three

temperatures: T = 873 K, T = 973 K and T = 1073 K. These cations span a range

of ionic size which is of interest for the pyroprocessing studies ( Y3+ 90.0 pm,

Tb3+ 92.3 pm, La3+ 103.2 pm and U3+ 102.5 pm31), covering the rare earths as

well as U3+. The mole fraction of MCl3 is varied from xMCl3 = 0 to xMCl3 = 0.5
in steps of δxMCl3 = 0.1. The detailed composition of the examined systems is
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summarized in Table 1. The eutectic composition (LiCl-KCl)eut, xLiCl = 0.582, is

often chosen in experimental and technological studies because of its low melting

point, T eut
m = 625 K32.

Table 1 Molecular composition of the considered systems for metal chloride mole

fractions from xMCl3 = 0 to xMCl3 = 0.5. The ratio KCl/LiCl is approximately constant

(0.712-0.720) and corresponding to the eutectic ratio (0.718)32. The total number of ions

in the simulation box is also reported.

xMCl3 NMCl3 NLiCl NKCl Nions

0.0 – 126 90 432

0.1 22 113 81 476

0.2 43 101 72 518

0.3 65 88 63 562

0.4 86 75 54 602

0.5 108 63 45 648

We use the polarizable ion model force field for performing our simula-

tions6,7. In this model the ions carry their formal valence charges and the effect

of the polarization of the anions by coulombic and short-range interactions with

the cations is included. This has been shown to be essential to reproduce the ex-

perimental structural, thermodynamic and dynamical properties of the melts of

interest. All the parameters of the force field are provided in reference 10. They

have been validated in comparison with a wide range of experimentally obtained

structural, thermodynamic and dynamical properties of these melts 10–13,33. In

particular, the activity coefficients of the trivalent ions of interest here were very

successfully predicted by the simulations10, as has recently been confirmed in a

series of electrochemical measurements34. Some of these liquids have also been

studied using potentials generated on a purely first-principles basis35 with virtu-

ally identical results. Other details of the simulation methods are very similar to

those reported in previous works8–10,33.

3 Results

Viscosity

The shear viscosity is calculated from the integral over time of the autocorrelation

function of the anisotropic elements of the stress tensor. This is known as Green-

Kubo relation and it reads:

η =
V

kBT

∫ ∞

0

〈

σαβ(0)σαβ(t)
〉

dt (1)

where kB is the Boltzmann constant and σαβ can be any of the five independent

anisotropic component of the stress tensor (e.g. σxy). An average over these

five components is performed to improve the statistics. In practice, the value of

the integral in Eq. 1 usually converges to a plateau in a few ps33. This allows

to accumulate a reliable statistics using simulation runs of reasonable length (of
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Fig. 3 Time evolution of the stress tensor correlation function in the system consisting

in YCl3-(LiCl-KCl)eut (xYCl3 =0.1) at 1073 K. The viscosity is calculated from the

plateau value of the integral.

the order of ns). An example of this running integral is shown in Figure 3. We

also show a fit obtained by representing the stress-tensor correlation function as

a decaying exponential

〈σαβ(0)σαβ(t)〉 ≃ Aexp(−t/τM) (2)

where τM is the Maxwell relaxation time, which we will discuss more fully below.

We show in Figure 4 the shear viscosity as a function of the MCl3 mole frac-

tion, for the four cases considered, M3+ ≡ Y3+, Tb3+, La3+, U3+. Although

there is no experimental data for the compositions we simulate, we are confi-

dent on the predictive power of our polarisable force fields, which were validated

against a wide range of experimentally available structural, thermodynamic and

dynamical properties8–13. The temperature and concentration dependence of the

Maxwell relaxation time τM follows that of the viscosity closely. We observe

immediately the similarity in the behavior of the viscosity for the pairs of cations

with similar ionic radii. At all temperatures, the viscosities for all metal cations

at mole fractions xMCl3 = 0.1 and 0.2 take very similar values and start to become

significantly larger for La3+/U3+ compared to Y3+/Tb3+ by xMCl3 = 0.4. Ther-

after the viscosity increases with MCl3 concentration more steeply for the larger

cations. Finally, we can also see that, despite the very similar ionic radii of La3+

and U3+ (with Ka3+ slightly bigger), a significantly larger value of the viscosity

is reached in LaCl3-(LiCl-KCl)eut, for which η at T = 873 K and xLaCl3=0.5 is

about double that for the corresponding case in UCl3-(LiCl-KCl)eut.

Coordination numbers

We now move to the analysis of the structural properties of the systems in the

hope of relating them to the behaviour of the viscosities. In Figure 1 we have

already shown the M3+-Cl− RDFs at T = 873 K for the lowest, xMCl3 = 0.1,

and for the highest, xMCl3 = 0.5, metal cation salt content. The behavior of the

structure at the other two temperatures investigated, T = 973 K and T = 1073 K

remains qualitatively similar. Furthermore we wanted to show the difference in
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Fig. 4 Simulated shear viscosity η as a function of the MCl3 mole fraction xMCl3 . (a)

M3+ ≡ Y3+; (b) Tb3+; (c) La3+; (d) U3+. The curves η vs. xMCl3 are shown for the

three temperatures investigated, T = 873 K (plus signs), T = 973 K (crosses) and

T = 1073 K (stars). The dotted lines joining the points are guides for the eye. Note that

1mPa · s = 1cP.

the structure of the less and the most viscous systems, thus selecting the two ex-

treme mole fractions. Before describing the details of the RDFs, we immediately

note that for the structural properties, the similarity of the results for Y3+/Tb3+

and the La3+/U3+ pairings is already evident.

The sharp first peak in the RDF indicates a tight coordination complex and its

position increases with the ionic radius of the cation M3+ as would be expected.

In all cases, a decrease in the height of the first peak and of the depth of the

first minimum is observed upon increasing the metal cation salt content. This

indicates that when the mole fraction increases, the M3+−Cl− coordination shell

become less well defined. Also note that the first minimum of the M3+ −Cl−

RDFs goes to zero only for Y3+/Tb3+ at xMCl3 = 0.1. In this case the M3+−
Cl− first coordination shell is then expected to remain stable on relatively long

times, while in the other cases frequent exchanges of chloride anions are expected

between the first and the second coordination shells of the cations.

The running integral of the M-Cl RDF out to the first minimum gives the av-

erage coordination number of the cation in that mixture; as we commented in the

Introduction, this value was the focal point of many of the earlier structural stud-

ies. In the simulation we may examine the structure in more detail and, for each
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Fig. 5 The distribution of instantaneous coordination numbers in YCl3 and LaCl3 at the

lowest and highest concentrations studied. The Y3+ distribution remains peaked at 6

across the concentration range, though it does broaden at higher concentrations. Even at

the lowest concentration studied, the La3+ mean coordination number is larger than 6

and it shifts to still larger values at higher concentrations.

cation at each timestep, we may determine the number of anions within a spher-

ical shell whose radius corresponds to the position of the minimum in the RDF

and this constitutes an instantaneous coordination number for that cation. In Fig-

ure 5 we plot the distribution of these coordination numbers for Y3+ and La3+,

as representative of the small and large ions, at the two extreme concentrations

and a temperature of 1073 K. We observe that, as anticipated in the Introduction,

the width of these distributions narrows as the MCl3 concentration is lowered

into the dilute solution régime and that the mean of the distributions approaches

6. Elswehere it has been shown how an experimental observable, such as the

EXAFS spectrum, may be regarded as a superposition of spectra associated with

these different coordination complexes13. At higher concentrations, the distri-

butions broaden but the mean coordination number for Y3+ remains close to 6,

whereas that for La3+ begins to increase. In other studies13,24 the mean coordi-

nation number in pure LaCl3 has been found to be close to 8.

The viscosity and mean coordination number both increase with increasing

MCl3 concentration, the results are summarised in Figure 6. However, as we

shall now demonstrate, this does not mean that the increase in coordination num-

ber should be seen as the cause of the rise in viscosity, rather that both are con-

sequences of some other phenomenon affecting structure and dynamics.

Strength of the M-Cl ionic bonds

When the fluid is sheared it must relax to a new configuration and the timescale

of this relaxation is the Maxwell relaxation time. Many types of microscopic

events can contribute to this relaxation process and, in the present context, one

might imagine that break-up of the M3+ coordination shells could be involved.

We have therefore examined the strength of the M3+-Cl− linkages.

Although there is no established criterion to define the “strength” of an ionic

bond, their stability may be estimated36,37 by using the potential of mean force
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leaves the M3+ ions solvation shell (the cage) is given by the cage-out correlation

function38, which is defined as:

Cout (t) =
1

NM3+

〈

NCl−

∑
i=1

Θ
(

1−nout
i (0, t)

)

〉

, (4)

where Θ is the Heaviside step function. Examples of cage correlation functions

for the cations of interest at an MCl3 concentration of 0.3 are shown in Figure 9.

Note that the relaxation time is longer for the smaller cations indicating a greater

degree of stability for the first coordination shell in these cases and in agreement

with the trend in the barrier height for breaking of the M3+-Cl bond.

2 2.5 3 3.5 4 4.5 5

E
barrier

 (k
B
T)

0.01
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1

!
M

/!
ca

g
e-

o
u
t
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Tb
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U

Increasing x
M

Cl
3

Fig. 10 The ratio of the cage and Maxwell relaxation times at 1073 K are plotted against

the barrier heights determined above. Note that increasing barrier height is the direction

of decreasing MCl3 concentration.

In Figure 10 we have plotted the ratio of the Maxwell relaxation time to the

cage correlation time against the barrier height for bond-breaking. The striking

feature of the figure is that the cage relaxation time is much longer than the

Maxwell time over most of the concentration range studied. In the relatively

dilute solutions, then, the relaxation of the fluid to an applied shear is complete

before the M3+ coordination shells have rearranged significantly - they behave as

rigid units on the timescale of this relaxation. Only at the highest concentrations,

where the fluid is becoming quite viscous due to the slow shear relaxation do

the timescales become comparable. This confirms that to find a link between

structure and the behaviour of the viscosity we will need to look beyond the first

coordination shell.

Network forming ability

In contrast to the MCl RDFs, the M3+-M3+ RDF for the larger and smaller

cations differ markedly. In Figure 11(a) we show the Y3+−Y3+ RDFs and in

Figure 11(b) we show those for La3+−La3+. The temperature considered here

is always T = 873 K and as previously the behavior for Tb3+−Tb3+ is qualita-

tively analogous to the one for Y3+−Y3+, while the behavior for U3+−U3+ is

similar to the one for La3+−La3+, so these two cases are not shown for clarity.
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Fig. 11 RDFs for the pairs (a) Y3+−Y3+; (b) La3+−La3+ at T = 873 K and for all the

span of the MCl3 mole fractions investigated. The features appearing at small

r < 6Åarise from pairs of cations with overlapping coordination shells.

If we focus, initially, on the Y-Y case for the most dilute x = 0.1 concentra-

tion we see a small feature, composed of two partially merged peaks, at small

Y-Y separations (r ∼ 5Å) and a much larger peak at r ∼ 8Å. Recalling that

the most probable Y-Cl separation for the first coordination shell is (from Fig-

ure 1) rM−Cl ∼ 2.7Å we can associate the first feature with pairs of cations

with overlapping coordination shells. At this low concentration, the probability

that a neighbouring pair of cations are involved in such an association is much

smaller than if they are unassociated (recall that the probability of being associ-

ated with a given RDF peak is proportional to the integral of r2 times the RDF

over the peak, so that one needs to notionally treble the area of the peak at larger

r relative to the first to gain an estimate of the ratio of probabilities). Thus,

to a first approximation, in this dilute case, the yttrium melt may be viewed as

solution of separated YCl3−6 ions dispersed in the solvent. We will see shortly

that the double-peaked nature of the first feature arises from the presence of Y-Y

pairs which share a single anion or two anions in their coordination shells, cor-

responding to the corner- and edge-sharing linkages illustrated in Figure 2. The

latter are associated with the peak at smaller r in the r ∼ 5Å in the RDF. As the

concentration of YCl3 in the mixture increases we see that the probability that

a Y3+ ion is involved in these Cl-bridged linkages with neighbouring Y3+ ions

increases dramatically. From a direct examination of the instantaneous configura-

tions generated in the simulations we may classify the M-M linkages depending

on the number of anions that the two cations share and count the corner-sharing,

edge-sharing and face-sharing (three common anions) MCln polyhedra39. By
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Fig. 12 Analysis of the number of anions shared between two M3+ cations within first

shell distances. One anion indicates a corner–sharing configuration, two cations an

edge–sharing configuration and three cations a face–sharing configuration. The analysis

is shown for the case of (a) YCl3 − (LiCl−−KCl)eut ; (b) LaCl3 − (LiCl−KCl)eut. The

values showed are for T = 873 K (solid symbols) and for T = 1073 K (hollow symbols).

At all temperatures and at all MCl3 mole fractions, the fraction of cases when the

M3+−Cl− pair is not connected to another M3+ is about 0.05 for YCl3 and about 0.03

for LaCl3 (not shown for clarity).

performing this analysis, we obtain a majority of corner-sharing species, and a

minority of edge-sharing species at low YCl3 concentrations, as shown on Fig-

ure 12. For the largest concentrations in YCl3, although we observe an increase

of both peaks, the short-distance (edge-sharing) one grows more rapidly and be-

comes predominant by x = 0.5. We note the formation of a few face-sharing

species, although no characteristic peak is observed for them in the RDFs.

The La3+−La3+ case behaves quite differently. Firstly, the intensity of the

low r peak is considerably larger than for YCl3 mixtures, and implies a signifi-

cant degree of cross-linking even at the lowest concentrations studied. From the

linkage analysis in Figure 12 we observe that the three types (corner, edge and

face) of sharing coexist, and that the variations of their relative extent is much

smaller than in the case of Y3+. Secondly, the first peak in the RDF is not split

in the manner of the Y-Y case. However, by examining it more carefully, we can

see the first peak is quite asymmetric, and we can attribute the shoulder on its

right side to the corner-sharing configurations. The implication is that the M-M

separation for corner- and edge-sharing configurations is smaller for La-La than

Y-Y, and simply not resolved.

The proportion of M3+-Cl− bonds involved in these linkages becomes quite
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high, linking the cations into a network (as visualised in Figure 2). We can illus-

trate this with a simple analysis for the Y3+ case, where the coordination number

remains close to 6 across the concentration range. For the x = 0.5 concentra-

tion, the stoichiometry dictates that there are 4 Cl− ions per Y3+ and, counting

a Cl− involved in a linkage as contributing one half to each cation, we see that

to complete the coordination shell of a cation 4 out of the 6 anions there must be

involved in linkages to other cations. We can now see a reason why the barriers

to dissociation and the lifetimes of the M3+-Cl− bonds decrease with increasing

coordination. The measures we have used to characterise the strengths of these

bonds average over all the M3+-Cl− bonds in the system and therefore increas-

ingly reflect the characteristics of the shared linkages at higher concentrations.

We can also see that the tendency to increased coordination with increasing co-

ordination must be linked to the propensity to form linkages of different types.

At x = 0.5 we see from Figure 12 that the proportions of corner- and edge-

shared linkages between Y3+ ions are roughly equal and, for ease of this simpli-

fied discussion, we will ignore the small number of face-sharing cases. Since the

edge-sharing links account for two of the four anions in the coordination shell

involved in linkages we can expect that (on average) each Y3+ is participating

in two corner-sharing linkages and one edge-sharing one and therefore is con-

nected to three other Y3+ cations. This degree of connectedness is sufficient to

cause the cations to be considered linked into an extended network. Note too

that, depending on the types of linkages formed (corners vs. edge vs. face) the

number of cations linked to a given cation will vary and we should expect this to

influence the character of the network and its strength, and we note the different

proportions exhibited by the small and larger cations in our study (figure 12).

Wilson39,40 has discussed the relationship between fluidity and the concept of

network connectivity in tetrahedrally-coordinated glass-formers41,42. In the field

of amorphous solids a critical coordination number above 2.4 at the vertices of

the network is signalling the transition to a rigid state and Wilson has examined

whether the same analysis can be applied to measures of fluidity in the liquid.

4 Discussion: cross-linking, network-structure and the viscos-

ity

The picture which has emerged from the above analyses is of an increasing de-

gree of cross-linking between the cations as the concentration is increased and

the emergence of a network. The challenge now is to link the properties of the

network to the rapid increase in the viscosity at higher concentrations, with a

view to pointing to reasons why, for example, the La/U-containing melts are

more viscous than the Y/Tb ones at higher concentrations.

An analogous challenge was to account for the very strong concentration de-

pendence of the viscosity in mixture of BeF2 with LiF - an important compo-

nent of many proposed molten salt nuclear reactors1. In these systems the Be2+

ions are invariably tetrahedrally coordinated to four F− and, whilst present as

isolated BeF2−
4 ions at low concentrations, become increasing linked by bridg-

ing F− ions in exclusively corner-sharing arrangements as the concentration is

increased8,9,43,44. As the concentration approaches the equimolar point, the vis-

cosity increases sharply and becomes very high for pure BeF2 - which is a good
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glass-forming material (unlike the pure MCl3 systems). Although there are nu-

merous differences in the structure compared to the MCl3 (well-defined 4-coordinate,

only corner-sharing linkages) the relationship between the local dynamics of

bond-breaking and the viscous relaxation is very similar to that exposed above

for the MCl3:ACl mixtures45.

In particular, at low concentrations, where the highly charged cations are in-

volved in simple BeF2−
4 or YCl3−6 units or small oligomers of them, these units

behave as rigid bodies on the timescale of viscous relaxation, which is domi-

nated by solvent relaxation, and the cage relaxation time is much longer than the

Maxwell time. As the concentration reaches the point where the degree of cross-

linking between cations becomes large enough to support an extended network

(the speciation of Be-containing ions was followed explicitly in the BeF2 case)

the viscosity increases markedly and the cage relaxation time becomes much

more similar to the Maxwell time (quantitatively in the LaCl3 case and in exhibit-

ing the same concentration dependence in BeF2). These similarities support the

assertion that the viscous relaxation at higher concentrations is dominated by the

reorganisation of the network in the MCl3 mixtures. In the BeF2 case, we showed

that the Be-F cage time becomes a good measure of the timescale for breaking the

Be-Be links in the network. We also showed that this latter timescale increased as

the network became more complete at higher concentrations and suggested that

this was because the constraints imposed by the surrounding network inhibited

the breaking of the linkage - so that the individual links stiffen as the network

becomes more extended.

Despite these similarities, there are significant differences in the behaviour of

the viscosity between the BeF2 and the MCl3 cases with the former becoming far

more viscous. This may simply be a consequence of the greater strength of the

Be-F bond, but may also reflect the differences in local and network structure.

The MCl3 systems exhibit a much higher mean coordination number and a more

flexible coordination shell and several different (corner, edge and face sharing)

types of intercation linkages - all of which suggest that other types of local re-

organisation than the simple breaking of M-Cl bonds may be possible and allow

the network configuration to relax. Wilson39,40 has shown that the breaking of

an edge-sharing linkage is substantially slower than a corner-sharing one, which

suggests that the presence of edge- and face-sharing linkages will stiffen the net-

work; however, as noted above they also reduce the number of cations to which

a given cation is linked, and hence also reduce the connectedness of the network.

It is likely that a further examination of these factors will be necessary to fully

explain the difference in behaviour of the viscosity of YCl3 and LaCl3.
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