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The m olar volum es o f  L aC l3-M C l (M  =  Li, R, and Cs) m elts were m easured  at 800 and 
900 °C , and the m olar vo lu m e isotherm s at 900 °C  are represented. T hey show  p ositive  d eviations  
from  additivity w ith the m axim um  at ca. 30mol% L aC l3. T he excess m olar vo lu m e was found  
to increase with increasing radius o f  the M + cation.

Introduction

We reported that the molar volumes of LaCl3-  
NaCl [1] and LaCl3-K Cl [2] melts show positive 
deviations from additivity with the maximum de­
viation at ca. 30 mol% LaCl3. Smirnov and Stepa­
nov found no significant deviation for LaCl3-LiC l 
melts [3] and a positive deviation with the maxi­
mum at ca. 75 mol% LaCl3 for LaCl3-CsCl melts 
[4], Complex formation by the reaction LaCl3 +
3 MCI -> LaClö- -I- 3 M +, as indicated by conduc­
tivity [5] and Raman [6] measurements, suggests a 
maximum molar volume deviation from additivity 
at about 25 mol% LaCl3. This prompted us to re­
measure the molar volumes of molten LaCl3-M Cl 
(M =  Li and Cs) and to measure that of molten 
LaCl3-RbCl.

Experimental

LiCl, RbCl, and CsCl of analytical reagent grade 
were dried by heating at 50 °C below their melting 
points under a vacuum of 0.13 Pa for 8 hours and 
then melted. After solidification the chemicals were 
stored in ampoules. LaCl3 was prepared and puri­
fied as described in [7], The mole ratios of the mix­
tures were checked by chelate titration. The molar 
volumes were measured as described in [1],
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Results and Discussion

Single melts

The densities given in [8], [9], and [9] for molten 
LiCl, RbCl, and CsCl, respectively, have been re­
commended by Janz et al. [10]. The molar volumes 
at 800 and 900 °C measured in the present work are 
listed in Table 1 together with those calculated from 
the recommended data. Our results yield smaller 
values than the recommended ones, but the depar­
tures are within 1.5%. The molar volume of molten 
LaCl3 was as in [1].

Binary melts

The measured molar volumes were expressed as 
functions of both temperature and mole fraction as

V„(X,T)  =  ' Z a „ X "  + l ' £  b„x"\ T.  (1)
n = 0 \r c = 0  I

T able 1. M olar volum es o f  LiCl, R bC l, and CsCl m elts at 
800 and 900 °C  (the recom m ended d a ta /th is work). The  
percent deviations from  the recom m ended values are 
denoted in parentheses, a: [8], b: [9].

M elt L iC la R b C lb C sC lb

800 °C 29 .86 /29 .52 55 .64 /55 .46 6 4 .1 0 /6 3 .6 0
( -1 .1 4 ) ( -0 .3 2 ) ( - 0 .7 8 )

900 °C 30 .80 /30 .34 58.00/57.71 6 6 .8 1 /6 6 .2 7
( -1 .5 0 ) ( - 0 .5 0 ) ( - 0 .8 1 )

0932-0784 /  87 /  1200-1418 $ 0 1 .3 0 /0 . -  P lease order a reprint rather than m aking your ow n copy.

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



K. Igarashi and J. M ochinaga • M olar V olum es o f  L aC l3-M C l (M  =  Li, R b, and Cs) M elts 1419

T able 2. Parameters o f  (1) for the three binary systems. 
m is the num ber o f  experim ental data points.

System LaC l3-L iC l L aC l3-R b C l LaC l3-C sC l

Param eter
«0 0.20665 E2 0 .31354E 2 0.34894E 2
a. 0.70633E1 0 .8 9 7 8 1E2 0.26672E 2
a? 0.81860E 2 — 0 .21042E 3 0.82209E1
«3 — 0 .67173E 2 0.13170E 3 — 0 .27372E 2
b0 0.82494E -2 0.22463 E -l 0.26747E-1

0.36917E-1 — 0.51809E-1 — 0 .28804E -2
b2 — 0.75978E-1 0.16227 — 0.28835E-1
b3 0.60085 E -l -0 .1 0 3 6 5 0.34241 E -l

m 125 74 92

where Vm is the molar volume in cm 3 mol-1, X  the 
mole fraction of LaCl3, and T  the absolute tem­
perature. The parameters an and bn, as determined 
by a least squares regression of all the obtained 
data, are listed in Table 2. The standard errors of 
Vm, defined as

= if  I  (Zc - Z ) 2/ ( m - ? ) , (2)

where Z e is the experimental value, Z  the corre­
sponding value calculated from the least squares fit, 
m the number of experimental data points, and q 
the number of coefficient in the fitting equation, 
were 0.38 for LaCl3-LiCl, 0.34 for LaCl3-RbCl, and 
0.34 for LaCl3-CaCl.

Figure 1 shows the molar volume isotherms for 
the three molten binary systems at 900 °C and Fig. 2 
the corresponding excess molar volumes, VE, as de­
fined by

Ve = K cal Kadd (3)

with Vcai the value of Vm according to (1) and

Kdd = ao + ( X  an + ( X  bn X
\ n = l  /  L \ n  = l /

T.

(4)
In analogy with the LaCl3-N aC l [1] and LaCl3-KCl 
[2] melts, the maxima of the deviation from addi­
tivity are again found at about 30 mol% LaCl3, al­
though there are appreciable differences in their 
magnitude. Raman spectroscopy of molten LaCl3-  
MC1 (M = Na [6, 11], K [6, 11, 12], and Cs [6]) mix­
tures did indicate that octahedral LaClg- is pre­
dominant at 25 mol% LaCl3. The formation of such 
a large complex anion can well be the reason for an

Fig. 1. M olar volum e isotherm s o f  m olten  L aC l3-L iC l (a), 
LaCl3-R b C l (b), and L aC l3-C sC l (c) at 900 °C . D otted  
lines indicate additivity.

Fig. 2. Excess m olar volum es o f  L aC l3-L iC l (a), L aC l3- 
RbCl (b), and LaC l3-C sC l (c) m elts at 900 °C .

UJ E

r / A

Fig. 3. M axim um  excess m olar volum es vs. alkali ion radii 
[13]. T he values o f  L aC l3-N a C l and L aC l3-K C l w ere 
taken from [1] and [2],

appreciable positive VE with a maximum at about 
30 mol% LaCl3 .

In Fig. 3 the maximum excess volumes are plot­
ted against the ionic radii of the alkali metal ions 
[13]. The evident correlation suggests that the for­
mation of the complex LaClg- becomes the more 
pronounced the larger the alkali ion, i.e., the weaker 
the attraction of the chloride ions by the alkali ions.
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