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ABSTRACT 

The heat capacittes of cesmm and rubtdmm molybdates. Cs,MoO, and Rb,MoO,. have 
been measured by differenttal scanrung calortmetry (DSC) m the temperature range 300-800 
K. These values have been combmed with published low-temperature heat capactty data for 
Cs,MoO, ro obtau~ thermodynamrc functions tu 800 K. For Rb,MoO,. huweuer. these 
functions could not be calculated because low-temperature heat capactttes are unavarlable 

INTKCJDUCT-fON 

Cesium and molybdenum are high yield fissron products, and in the 
oxygen potential range of nuclear fuel they will react to form cesium 
molybdate, Cs,MoO, [l]. CszMoOq is highly volatile and ~111 transport 
cesium and molybdenum to the cladding. It is aIso known to pIay a 
significant role in the interactions between the claddmg and the fuel in 

nuclear reactors [2]. Although the fission yield of rubidium is considerably 
less than cesmm, it is still a significant fission product. As in the case of 
C.szNbD,, nii3um mb molybdenum are therm&p~~~aGc~~~y Javored ID 

farm the Md_Yt&&, R&MOO,, in t&z in-reactor ffx_vj$‘%~ _uo teentia~ rawc 01 
&WRs and LMFBRs and it is not unreasonable to assume &at rubidium 
molybdate could also play a role in reactions at the fuel-cladding interface 
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In order to make thermodynamic predictions of the reactions involving 
cesium and rubidium molybdates in the temperature range (600-900 K) of 
the fuel-cladding gap in LWRs, high-temperature thermodynamic data are 
required. Osborne et al. [3] have measured the heat capacity of Cs,MoO, 
from 5 to 350 K, and Frederickson and Chasanov [4] have obtained the 
enthalpy increments of C&MOO, in the temperature range 550-l 190 K by 
means of drop calorimetry. Except for a standard enthalpy of formation [S], 
there are no thermodynamic data for Rb,MoO, at high temperatures. 

We have measured the heat capacities of cesium and rubidium molybdates 
in the temperature range 300-800 K by means of differential scanning 
calorimetry (DSC). These data have been combined with other literature 
data to obtain thermodynamic functions for these molybdates to 800 K. This 
paper, which is the first in a series on heat capacity measurements on alkali 
metal compounds. presents the results for Cs,MoO, and Rb,MoO,. 

EXPERIMENTAL 

Sari@@@ preparation and characterization 

The salts, whose typical purity was stated to be 99.9 moles %, were 
purchased from Cerac/Pure, Wisconsin. They were purified by the methods 
descrrbed by O’Hare and Hoekstra for Rb,MoO, [5] and Cs,MoO, [6], and 
then subjected to X-ray. chemical, and spectrographic analysis. The samples 
were judged to be better than 99.95% purity. 

Calorrnzetric technrques 

The salts were compacted to form small pellets to fit into gas-tight 
aluminum pans. This was necessary to avoid any reaction between the 
sample material and the atmosphere and to render a high sample-to-pan 
mass ratio. The pellets were heated at 673 K for 1 h in order to anneal out 
stored energy from compaction and, after cooling to room temperature, were 
hermetically sealed in the pans. The tightness of all filled pans was checked 
by heating them in a furnace at slightly higher than the maximum tempera- 
ture used in the DSC instrument. All handling of the samples was carried 
out in an argon-filled glove box. 

The measurements were carried out in a Perkin-Elmer DSC II from 3 10 K 
up to 770 K with a heating rate of 40 K min-’ and a sensitivity of 5 meal 
s-’ Et&scale defelection. As reference material, ground NBS-sapphire was 
sealed in a gas-tight pan- its mass was chosen to render a heat capacity 
similar to those of the samples. 

The heat capacity was determined in the usual way by measuring an 
empty pan (baseline), the samples, and the reference material against an 
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empty pan. The heat capacities were calculated from the expression 

co p. sample = cp9 sapphire ;;rp;f-pl= (1) 
sapphtre 

where m is the mass, d is the recorded thermal effect and Cp” is the heat 
capacciry. 

RESULTS AND DlSCUSSlON 

Cesmm moZybdate 

The experimental values of the heat capacity are listed in Table 1. These 
values were fittecZ to a polynorrtial &j a least squares methocl to obtain the 
following expression for the heat capacity in the temperature range 350-800 

K 

Cp” (JK- ’ mole- ’ 2) = 154.50 + 5 A562 X IO-=T - I 9332 X I@?-= (2) 

A plot of C’; vs. T for Cs,MoO, (Fig. 1) shows that our high-temperature 
data merge smobthly with the data of Osborne et al. [3] at low temperatures. 
Equation (2) was combined with the low-temperature data of Osborne et al. 
to de<<ksiz C; W&SS in <!k QW+WSWX S&S%% 298--~ K. R<~se =GW&S 

TABLE 1 

Molar heat capacity of Cs,MoO, (molar Mass of Cs,MoO_, =425.75 g mole-‘) 

Temp. 0 

WI &c’ mole- ’ ) 

350 
380 
410 
440 
470 

490 
520 
550 
580 
600 
630 
660 
690 
710 

740 
770 

157.21 
163 11 
168.35 
171.42 
174 39 
175.84 
177.74 
178.38 
179.88 
182 48 
185.77 
189 34 
191.10 
191.87 
193.92 
198 39 
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TEMPERATURE, K 

Fig. 1. Molar heat capacity of c&urn molybdate, Cs2MoOq, at constant pressure. ANL data 
are the low-temperature data of Osborne et al. [3] 

are listed in Table2 at selected temperatures. Table 2 also lists entropy and 
enthalpy values which were derived from appropriate integrations of eqn. 
(2). The free energy function 

Go(T) - N’(298) = W”(T) - H’(298) _ SO(T) 
T T 

was also calculated. Finally. the standard enthalpy, AH:, and the standard 
Gibbs energy of formation, AGF, were obtained for each temperature and are 
listed in Table 2. The thermodynamic properties of cesium and oxygen used 
in the calculation of these functions were taken from the JANAF Tables [7], 
while those for molybdenum were taken from the recent IAEA monograph 
PI. 

Rubidxum molybdate 

Table3 lists the experimental values of the heat capacity for Rb,MoO, 
from 350 to 750 K. The results can be represented by the following 
polynomial expression for the heat capacity, which was obtained by least 
squares fitting of the data 

Ci(JK-‘mole-‘) = 105.76 + 12.914 X 10-2T+ 8.8891 x 10sT2 (4 

Except for a value for the standard enthalpy of formation at 298 K [5], 
there are no thermodynamic data for Rb,MoO,. In the absence of low-tem- 
perature heat capacities for Rb,MoO,, no attempt has been made to derive 
thermodynamic functions for this compound. 

We hope to be able to extend the temperature range of our measurements 
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TABLE 3 

Molar heat capacity of Rb, Moo, (molar mass of Rb, Moo, =330.91 g mole-1) 

Temp. 

(K) 
=p” 
(J K-’ mole-‘) 

350 156.45 
380 160.28 
400 163.097 
420 166.29 
450 170.30 
480 173.92 
500 174 87 
520 176.44 
550 178.88 
580 181.46 
6oc) 183.60 
620 186.69 
650 189.68 
680 193.92 
700 196 88 
720 200 98 
750 210.17 

to 1000 K in the near future by making certain modifications to our DSC 
instrument, and to 1500 K by using a high-temperature drop calorimeter. 
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