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The structure of molten LaBr3 was investigated by X-ray diffraction and molecular dynamics simu-
lations. It was found that the short range structure of molten LaBr3 is very similar to that of molten 
LaCl3, except for some structural features such as interionic distances based on the difference of anion 
sizes. In the MD simulation, the shear viscosity of molten LaBr3 was estimated from the structurally-
optimized MD calculations. 
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1. Introduction 

Molten salt technology may be used in nuclear fuel cy-
cles based on pyrochemical processes [1] and the trans-
mutation of actinides with a proton accelerator [2], Pres-
ently, however, little is known about the physical prop-
erties of molten actinide chlorides. 

We have studied the structure of molten rare earth and 
uranium trichlorides by using high-temperature X-ray 
diffraction (XRD) [3], Information concerning the chlo-
ride ion, however, is insufficient in the XRD analysis be-
came the scattering from chlorine is weaker than that 
from the rare earths and uranium. In the present work, 
structure of molten LaBr3, having a heavier anion than 
LaCl3, was investigated by the XRD technique. The 
physical properties of solid LaBr3 are rather similar to 
those of LaCl3, as summarized in Table 1. Thus more de-
tailed structural information for molten trihalides can be 
derived by comparing XRD of molten chloride and bro-
mide. 

2. Procedures 

2.7. High-temperature X-ray Diffraction 

LaBr3 and LaCl3 were purified by a sublimation tech-
nique from the commercial products (99.9% purity). The 
samples were sealed in a quartz cell (0.5 mm thickness) 
under reduced pressure. The measurements were perfor-
med by using RINT2500TR (Rigaku corporation, Max. 
Power 18 kW) with an electric furnace. The temperature 
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Table 1. Physical properties of LaBr3 and LaCl3. 

Com-
pound 

Crystal 
type 

Melting 
point 
(K) 

Molar 
volume 
(cm3/mol) 

Electrical 
conductiv-
ity (S/m) 

Shear 
viscosity 
(CP) 

LaBr3 UC13 1050 76.881 114.366 not LaBr3 UC13 
reported 

LaCl3 UC13 1131 76.757 129.671 a 6.2242a 

All values are for 1150 K, except crystal structure. 
a Values are based on extraporation. 

of molten LaBr3 was 1150 K (mp. 1050 K). Also molten 
LaCl3 was studied for comparison. Mo Ka radiation 
(0.071069 nm wavelength) of 12.5 kW(50 kW,250 mA) 
was used. The reduced intensity function Q i (Q) and ra-
dial distribution function (RDF) G (r) were obtained af-
ter some corrections and normalization as described in 
[4]. 

Qi(Q) can be obtained by the Debye scattering equa-
tion [4] with the three parameters interionic distance r i p 

correlation number n1} and temperature factor by: 

Qi(Q)=t I "ij / i ( ß ) / j ( ß ) 
i= i j 

•expC-fcy Ö 2 ) s i n ( ö n j ) / r i j , (1) 

where f(Q) is an atomic scattering factor of atom i. The 
structural parameters of the Debye scattering equation 
were determined by least square fitting to the experimen-
tal Qi(Q). 

2.2. Molecular Dynamics Simulation 

A 1000 particle system (La: 250 and Br: 750) and the 
pair potential [5] 
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(r) = 
n, zI Z , e 

+ n2b(fl +/j) 

exp 
Gl + G,- r 

+ D M 
f i + f j 

• {exp [-2 a ( r - r 0 ) ] - 2 exp [-oc ( r - r 0 ) ] } (2) 

were used in the simulation. 
The pair potential is a combination of the ionic 

Busing-type potential and the covalent Morse potential. 
Z{, G\ and/; are the electric charge, size parameter and 
repulsion constant of the ion i, respectively. nx corre-
sponds to the ionicity and n2 is an adjustable parameter 
of the repulsion term. In the present study, n^—n2 was as-
sumed for simplicity. In the third term (2), which corre-
sponds to the Morse potential, DM=0, a, and r0 are the 
dissociation energy, sharpness, and equilibrium distance 
of covalent bonding. The Morse potential was applied 
only to the nearest neighbor La-Br pair. In the fully ion-
icmodel,n1=n2= 1 and DM. These parameters in(2)were 
determined to reproduce the experimentally obtained 
functions Qi(Q) and G(r). In [3, 6] the structure, ther-
modynamic and dynamic properties of molten LaCl3 and 
UC13 were satisfactorily reproduced by using the above 
potential model. 

The structural properties were obtained by accumula-
tion of 50000 ionic positions. The shear viscosity was 
calculated by the Kubo-type formula [7] from 250 000 steps. 
The step width was 2.0 fs. The calculations were main-
ly performed by the supercomputer VPP500/42 (Fujitsu) 
at JAERI using a vectorized and parallelized code. In a 
typical calculation for the 1000 particle system, a CPU 
time of 0.469 sec for each MD step was required in a sin-
gle PE (processing element) and 0.248 sec in a 4 PE par-
allel system. 
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Fig. 1. Scattered X-ray intensity of molten LaBr3 at 1150 K. 

Fig. 2. Correlation functions G(r) of molten LaBr3 and LaCl3 
at 1150 K. 

3. Results and Discussion 

The observed scattered X-ray intensity of molten 
LaBr3 is shown in Figure 1. A first sharp diffraction peak 
(FSDP) was observed around 10 nm-1, as for many mol-
ten rare earth trichlorides [4, 8] and uranium trichloride 
[3], This suggests that there is a medium range structur-
al order also in molten LaBr3. The correlation function 
G(r) of LaBr3 is shown in Fig. 2 together with that of 
LaCl3. The shortest La3 +-Br - distance was 0.295 nm (in 
the crystalline state it is 0.310 nm [9]), while for 
La3 +-Cl - in molten LaCl3 it is 0.281 nm. This difference 

corresponds to the difference of the anion sizes; 0.196 nm 
for Br- and 0.181 nm for CI". The coordination number 
of Br- around La3+ was ca. 6 which suggests that molten 
LaBr3 has an octahedral coordination, like the molten 
rare earth trichlorides. A second peak, corresponding to 
Br --Br - , was observed at 0.370 nm as a shoulder. There 
is no corresponding peak in molten LaCl3. The distance 
of this is slightly shorter than the expected one 0.415 nm 
for an octahedron (rBr_Br= \ [2 rLa_Br). This is consid-
ered to be due to the poor stability of the octahedra in 
molten LaBr3 because there are only three Br- ions per 
La3+ ion. A broad peak in molten LaBr3, which is more 
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Fig. 3. Reduced intensity function Q i (Q) of molten LaBr3. 

Table 2. Parameters of Debye scattering equation of molten 
LaBr3 and LaCl3 at 1150 K. 

10 
r(10"1nm) 

(LaBr3) 

Interaction nj (nm) M1 0~ 
2 nm2) 

Inside the octahedron 
La-Br 12 (6) 0.295 0.045 
Br-Br 24 (8) 0.375 0.144 

Between the octahedra 
La-La 5 (5) 0.510 0.190 
La-Br 24(12) 0.564 0.324 
Br -Br 24 (8) 0.615 0.338 

(LaCl3) 

Interaction «ij w r,j (nm) ^ij (io-2 nm2) 

Inside the octahedron 
La-Cl 12 (6) 0.281 0.025 
Cl-Cl 24 (8) 0.380 0.095 

Between the octahedra 
La -La 5 (5) 0.500 0.190 
La-Cl 24(12) 0.552 0.330 

O 

Â jj is the coordination number of ion j around ion i. 

distant by about 0.05 nm than in molten LaCl3, was de-
tected around 0.55 nm. It seems to be due to correlations 
between the octahedra. 

The reduced intensity function Q i (Q) of molten LaBr3 

is shown in Fig. 3, together with the one synthesized from 
the Debye scattering equation. The experimental line is 
well reproduced by using the structural parameters list-
ed in Table 2. The parameters for molten LaCl3 are also 

Fig. 4. Correlation functions G (r) of molten LaBr3 and LaCl3 
by molecular dynamics calculations. 

listed in Table 2. In the analysis of molten LaBr3 it is nec-
essary to assume a Br-Br interaction between the octa-
hedra for obtaining good reproducibility of the Q i (Q) 
function, while a corresponding interaction (the second 
Cl-Cl) does not give a meaningful contribution in case 
of molten LaCl3. The reason why we obtained the much 
more distant peak position around 0.55 nm in molten 
LaBr3 compared with LaCl3 is due to the considerable 
contribution of the second Br-Br interaction to the func-
tions Q i (<2) and G (r) in addition to the difference in an-
ion size. 

For the MD simulation of molten LaCl3 and LaBr3 the 
parameters of the pair potentials of (2) were determined 
to reproduce the function G (r). In Figs. 4(a) and (b) the 



94 Y. Okamoto and T. Ogawa • Structure and Dynamic Properties of Molten LaBr3 

14 

12 

10 

CO 

'Structurally-optimized model 

l_aCI3(Janz[11]) 

LaCI3(JAERI[10]) 

-o- - LaCI3(MD:Fully ionic model) 

- • - • LaCI3(MD:70%ionicity model') 

• • - - LaBr (MD:70% ionicity model') 

i . . . i 
1?)80 1120 1160 1200 1240 1280 1320 1360 1400 

Temperature(K) 

Fig. 5. Shear viscosity of molten LaBr3 and LaCl3 . 

calculated C(r) functions are plotted. The fully ionic 
model gave poor agreement with the experimental data 
while good reproducibility was obtained with the 70% 
ionicity model for both melts. In [3] it was found that 
structurally-optimized MD simulations of molten UC13 

gave dynamic properties which are similar to the experi-
mental ones. Calculated shear viscosities of molten LaCl3 

are shown in Fig. 5 together with reported experimental 
values, the 70% ionicity model showing good agreement. 
The electric conductivity and shear viscosity of molten 
LaBr3 were calculated using the MD simulation with the 
70% ionicity model. Good agreement with the experi-
mental G (r) function was obtained. The calculated shear 
viscosity is slightly smaller than that of molten LaCl3. 

The calculated electric conductivity, 109.957 S/m, is 
close to the recommended one 114.366 S/m [11], These 
calculations suggest that the type of simulation used in 
the present work anables to predict unknown properties 
e.g. of molten actinide trihalides. 

4. Conclusion 

The structures of molten LaBr3 and LaCl3 were inves-
tigated by high-temperature XRD measurements. These 
structures are quite similar. Their difference is ascribed 
to the difference of size and scattering factor of Br" and 
CP. The short range structure of molten LaBr3 is almost 
the same as that of molten LaCl3. 

The shear viscosities of molten LaBr3 and LaCl3 were 
calculated from structurally-optimized MD calculations. 
For LaCl3, the 70% ionicity model gave good agreement 
with the experimental values. In addition, the calculated 
electric conductivity of molten LaBr3 was found to be al-
most the same as the recommended one. This suggests 
that the structurally-optimized simulation is a useful tool 
for estimating unknown physical properties like in our 
case the shear viscosity of molten LaBr3. 
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