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Conduc tomet r ic m e a s u r e m e n t s on solid r u b i d i u m a n d cesium p ropanoa te s a n d X - r a y p o w d e r 
d i f f rac t ion measu remen t s on t h e r u b i d i u m sal t h a v e been carr ied o u t over sui table t e m p e r a t u r e 
ranges. The resul ts ob ta ined , a long wi th t h e previous ones concerning the l i th ium, sodium a n d 
po tass ium salts, have been discussed in re la t ion to possible mel t ing mechan isms (involving 
var ious k inds of disorder , e .g . , posi t ional , o r ien ta t iona l , conformat ional ) ac t ive in t h e alkal i 
a lkanoa tes fami ly . 

1. Introduction 

The present work aims at giving a contribution 
to the knowledge of the stepwise melting process in 
the alkali alkanoates family. To this purpose, the 
X-ray powder diffraction and conductance measure-
ments, carried out previously [1] on a number of 
solid phases of lithium, sodium and potassium 
propanoates, are now extended to the rubidium and 
cesium salts. The information thus obtained 
satisfactorily supplements the interpretation of the 
fusion mechanism, already suggested by other 
authors for higher homologues. 

2. Experimental and Results 

2.1. The procedure followed for preparing and 
handling the salts [2] and for performing the poly-
thermal conductance and X-ray powder diffraction 
measurements [1] were described previously. 

The phase relationships were stated through 
DSC analysis [2] as follows: 

a) Rubidium propanoate: 
TB TA TF 

III II I isotropic liquid 
( T b = 3 1 7 ± 2 K ; T A = 5 6 4 . 4 K ; 

T f = 6 2 3 . 1 K ) . 

Repr in t reques ts to Prof . M. Sanesi , I s t i t u t o di Chimica 
Fisica e di E le t t roch imica de l l 'Univers i ta , Viale Taramel l i , 
16, 1-27100 P a v i a ( I ta ly) . 

b) Cesium propanoate: 

TB T A TF 

I I I II I isotropic liquid 

( T B = 3 1 4 . 2 K ; T A = 4 1 9 ± 2 K ; 

T f = 5 8 0 K ) . 

where T\ and TB refer to solid state transitions 
(sstr) A and B, respectively. 

2.2. For both salts the conductance measurements 
covered the temperature range from (TA —50) to 
(Ta + 50), whereas the region around Tb could not 
be explored for instrumental reasons. The derivative 
plots, d log G/dT vs. T, are compared with the 
pertinent DSC data in Figure 1, while the strictly 
linear dependence of log G on 1 / T is shown in 
Figure 2. The relevant Ex's (practically coincident 
with the corresponding EQS, see [1]) are summarized 
in Table 1 together with the *tr data (as obtained 
at TA by extrapolation), the latter estimated in an 
approximate way from the dimensions of the pellet-
shaped cells. The activation energy, as expected, 
decreases going from phase II (stable at lower 
temperature) to phase I (stable at higher tem-
perature). 

2.3. In the series from sodium to cesium pro-
panoates the increase of the cation size causes the 
hygroscopicity to increase and the thermal stability 
of the higher temperature phase to decrease: 
satisfactory X-ray diffraction patterns could still 
be obtained with rubidium propanoate, whereas 
the less reliable ones taken on the cesium salt will 
not be discussed here. 
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400 450 T / K 

Fig . 1. Conduetomet r ie detect ion of t h e sstr t e m p e r a t u r e s 
in rub id ium (a) a n d cesium (b) p ropanoa tes (ordinates in 
a r b i t r a r y units) . T h e DSC values are indica ted b y ver t ica l 
l ines on t h e abscissa. 

Tab le 1. Electr ical conduc tance pa r ame te r s for r ub id ium 
a n d cesium p ropanoa t e solid phases. 

Sa l t Phase Temper- XtT Ex 
a t u r e range 
[K] LS m " 1 ] [ k J m o l - 1 ] 

R u b i d i u m I 0 1 0 - 5 6 4 2 • lO" 3 106 ± 2 
p r o p a n o a t e I I 5 6 4 - 510 4 • 10" 4 135 ± 2 

Cesium I 4 7 0 - 4 1 9 8 • 10~5 62 ± 4 
p r o p a n o a t e I I 4 1 9 - 3 7 0 3 • 1 0 - 5 70 ± 4 

10 T / K 
Fig. 2. Dependence of log 6? vs. 1 /T in t h e t e m p e r a t u r e 
r ange f rom (T\ —50) t o ( T \ + 5 0 ) for rub id ium (a) a n d 
cesium (b) p r o p a n o a t e s (points read o u t f r o m recorded 
curves G/S vs. T/K). 

Concerning rubidium propanoate, measurements 
were performed between room temperature and 
585 K. The best data were obtained for phase II, 
which was indexed as an orthorhombic unit cell 
containing two molecules. Diffraction patterns 
taken at 570—585 K on phase I looked rather 
similar, although exhibiting a number of extra lines 
most likely due to decomposition products*. 
Reliable diffractograms of phase III could be 
obtained only after the material was submitted to 
prolonged dehydration at T > TB within the poly-
thermal chamber. Although not indexed, they 
looked to some extent analogous to those taken on 
phase III of potassium propanoate, and apparently 
exhibited the reflections corresponding to the lines 
(00/) of higher temperature phases. 

The trend of the lattice parameters is shown in 
Fig. 3 for phases I and II. 

* A t a given t e m p e r a t u r e t h e in tens i ty of these lines 
increased w i t h t ime . 
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Fig. 3. T e m p e r a t u r e dependence of t h e la t t i ce p a r a m e t e r s 
in phase I and I I of rub id ium p r o p a n o a t e (different 
symbols refer to dif ferent samples) . F o r phase I I t h e 
smoo thed values a t 320, 400, 500 a n d 500 K are t h e 
fol lowing: a/A = 4.217, 4.251, 4.317, 4 .309; ft/A = 5.965, 
5.945, 5.920, 5.905; c/A = 11.492, 11.599, 11.733, 11.813. 

3. Discussion 

3.1. Concerning the fusion process Ubbelohde 
and coworkers [3] suggested as possible also for 
alkali alkanoates: (i) a melting mechanism referable 
to positional disorder, which implies the ''fusion" 
of a single sublattice (in this case the cationic one) 
and was already accepted for salts (e.g., Agl) 
where the ions are far different in size and the larger 
one is highly polarizable; (ii) a melting mechanism 
referable to orientational disorder, which implies 
the ability for a given kind of structural unit to 
assume several orientations within the lattice. 

On the other hand, from the X-ray results 
obtained by Skoulios and Luzzati [4], and by 
Gallot and Skoulios [5] on several medium- and 
long-chain alkanoates, a distinction can be made 
between melting of the hydrocarbon chains and 
fusion of the bidimensional ionic lattice. The former 
process should be bound to roto-vibrational degrees 
of freedom, the activation of which causes the anion 
to assume a quasispherical shape at higher tem-
peratures, whereas at lower temperatures the 

chains are frozen in a fixed conformation. The latter 
one, in turn, might occur by steps, each involving 
a particular intermediate structure (ribbons, discs, 
etc.). 

3.2. From our previous [1] and present results on 
propanoates, it can be reasonably assumed that the 
lattice constants a and b define the rectangular net 
of the (double-layered) packing of the anion polar 
ends and of the alkali counterions, while constant c 
regards the tail-to-tail packing of the aliphatic 
chains. This assumption, being consistent with the 
structural evidence gained by Lomer and coworkers 
[6] on potassium butanoate and a few even higher 
homologues, allows to justify through simple 
geometrical considerations (taking into account, 
inter alia, the variation of the cationic radii) the 
changes experimentally observed for the a and 
b values in the sequence of sodium, potassium and 
rubidium propanoates. 

It is also worthwhile mentioning that in the latter 
salts the coexistence of strong ionic interactions 
(mainly active in the ab plane) and weak Van der 
Waals interactions (mainly active in the space 
between the ab planes, i.e., along the c direction) 
reflects on the magnitude of the thermal expansion 
coefficients, a. Indeed, for the propanoates in the 
temperature range explored it was found \oiab — 
4 0 - 6 0 • 10"6 K - i and a c = 100-160 • 10~6 K-*: 
these values may be compared with the linear 
expansion coefficient (at room temperature) of an 
ionic solid (e.g., NaCi: 40 • 10~6 K~i) and of 
paraffin (110 • 10~6 K - 1 ) , respectively. 

For what in particular concerns the temperature 
dependence of the lattice constant b, it is still to 
be stressed that turns from slightly positive in 
the case of the sodium salt to negative in the case 
of the larger cations. The observed anomaly might 
be due to some kind of orientational disorder, such 
as rotation of the carboxylic groups in the ionic 
planes: this possibility should increase with increas-
ing cationic size and is expected to affect signifi-
cantly the thermal expansion, owing to the high 
character of anharmonicity of the corresponding 
degree of freedom. Finally, the conductometric 
results, i.e., low specific conductivity and high 
activation energies, suggest that a mechanism of 
(cationic) positional disorder is not effective in the 
alkali propanoates. 

3.3. As a conclusion, it appears that the measure-
ments on the alkali propanoates are useful for 
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getting additional information on the roles played 
by the melting mechanisms, possibly active in the 
alkanoates family and respectively bound to 
positional, orientational and conformational dis-
order. 

I t may be stressed that the short chain-length 
makes the propanoates particularly suitable to 
evidence the contribution of orientational disorder, 
which can be more or less masked by the other 
effects in higher homologues. In fact, when the 

chain-length increases, the contribution of the con-
formational disorder becomes more and more 
remarkable. Thermal activation of the pertinent 
degrees of freedom causes in the anions a change in 
shape progressively approaching the spherical one: 
thus, the conditions may be reached also for 
positional disorder (in the cationic sublattice) to 
take place. Should this occur, mesomorphic phases 
characterized with high ionic mobility may form. 
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