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KINETICS OF THE DEHYDRATION OF CsNd(SO& - 4 HZ0 

KATASA BUKOVEC, PETER BUKOVEC and JOZE SIFTAR 

Dcpar-tmcllt c)/ Cllemistry. UniLv?rsity Edoard Kardelj, 61000 Ljrlbljana (ILgoslavia) 

(Received 20 August 29’79) 

ABSTRACT 

The kinetics of the dehydration of CsNd(SOa), . 4 Hz0 to CsKd(SOd), - Hz0 and 
then to CsNd(S04), arc studied by isothermal weight change. The reactions are phase- 
l,ountlary-controlled. Reaction mechanism and activation energy depend on sample 
weight _ 

INTRODUCTION 

Dehydration of CsLn(SO& - 4 HZ0 (Ln = La-Lu and Y) has previously 
been studied by thermogravirnetry and differential thermogravimetry [l] _ 

Two DTG peaks were observed for all compounds escept CSLU(SO~)~ - 

4 H1O, where only a single DTG effect appeared. By isothermal measure- 
ments, stable monohydrates were isolated for Pr, Nd, Sm, Eu and Gd. A two- 
stage dehydration fitted the crystal structure of the compounds which are all 
isomorphous and contain two different types of water molecule 131. Three 
water molecules are coordinated to aneodymium atom and the fourth is held 
in the lattice. The compound was formulated as Cs[Nd(SO,),(H,O),]H,O. 

This paper esamkcs the dehydration kinetics of CsNd(SO& - 4 HZ0 un- 
der isothermal conditions. 

E:;PERIXIENTAL 

The compound was prepared as described elsewhere [ 21. The isothermal 
runs were produced on a Mettler thermoanalyser TAl in dry air at aflowrate 
of 5 1 h-l. A flat crucible of 12 mm diameter was used for 100-mg samples, 
and of 8 mm diameter for lo-mg sample masses. An optical Metalloplan- 
Leitz Wet&r microscope with a magnification of 100 was used to photo- 
graph a monocrystal of CsNd(SO,), - 4 HZ0 at 80°C. 

RESULTS 

Preliminary isothermal measurements have shown [1] that the monohy- 
drate can be obtained in a stoichiometrically and crystallographically defined 
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Fig. 4. Isothermal decomposition of CsNd(SO& - Hz0 to CsNd(S04)1. A: 1 - 

(1 -Q.)I/S vs. t; B: 1 -(l -,)l’z vs. l; C, D: Arrhenius plots. 

TmLE 1 

Activation energies from Wiedemann’s method 

Reaction I&, (kJ mole-‘) 

Sample weight 10 mg Sample weight 100 mg 

1 0.2 131 f 9 106*6 
0.5 12427 105+-4 
0.6 12827 105 -t 5 
0.7 136 f 9 103 * 5 
0.8 136 -F 9 113 * 7 

2 0.5 158’3 114 *5 
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T:ig. 5. 1Iicrographs ol‘ llw clchyclrat ion (magniricat ion 100 ): ). 



form at 80°C which is fairly stable up to 110” C. The dc~hyctration kinrrt.ics 
were therefore studied for 

CsNd(SO,), - 4 Hz0 + CsNd(SO,), . Hz0 (1) 

CsNd(SO,), - Hz0 + CsNd(SO& (21 

in t.he temperature range 64-88” C for reaction (1) and 130-15S’C for rcac- 
tion (2). 

Typical isothermal decomposition curves for waction (1) are given in 
Fig. 1. The dehydration starts very fast. and whew isot.hrrnlal conditions aw 
reached about 10% of the total water is already- lost. Reaction (1) twococrts 
in two overlapping stages. 7-tic Iwginning of the sc~~nct stagcn was cl~~tcrmin~~ct 
by extrapolation fck ’ = 0.0 at. LX = 0.35). Roth parts of the c’ui-ws \vcr(h aina- 
lysed by reduwcl time plots [ 41. ‘I’hc first twriod dirt not kjvtl sntisracivr>- 
results; this is not surprising twcausc l.>oth the twginning and end of lhis stagI> 
arc ill defined. The swonct stage of reaction ( 1 ) cm tw cl~w~rit~~~cl by two 
t,hasc-bounct~-~o~~trollcd mechanisms ( Fig. 1). -r-h- contrac.tiiq spticrc~ 
model R,(a:’ I = 1 - (1 - a’)‘:’ can lx applicnct to lo-me samt~l~~s. whcrcas rhln 
contracting disc model R:(a’) = 1 - (1 - a’)‘. 1 holds Tar 100-rng sarn~~t~~ 

masses. 

The dehydration was also followed with an optical rnicrosl~otw ( Fig. 5 J_ OH 

heating cqstals of CsSct( SOz)7_ . -4 1 I?0 to SO’C’. crnr-ks forn;cbcl and in ;I [‘I’\\ 
sP\concts the surface Leas covcwd by a iw\v phase. So Turtticr c.hain~c~ ill II:IL 

surface then occurred. AIicroscopic ohsen~ations at SO” C slio~-~~t rat~icl ?;LII-- 
face nucleation and then advance of ttict intcrfaw to\\-arcts rtl(~ c.ryslal. Pl‘\lr* 
thickness for 100-mg saniplcs is about 1 Linics grcwtcr than thar for 10-1~~ 
samples, thus giving cliffcwnl. water vapour prclssuws \vittiiii Ltio 5;anit>l(~l;. 
This could he the reason for tlic cliffercnw in kincttic tl:u-aiii(q (‘r5 III‘ it11, 
lo-mg and 100~mg samples. 
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