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Na,GdClO- .4 COMPOUND WITH UNCOMMON PHASE TR4NSITIONS 

H.J. SEIFERT and G. THIEL 
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SUMM4RY 
For Na,CdC!, two modifications esfst: at ambient temperature trigonal D-SasGdCIO. 

below &:ci_“C a monociinic H-SaJGdClh . There is :io direct transition from D-> H; but 

at ZW°C D-4a,GdClD decomposes to NaCl + Sa,GdCl;. .4t ‘/6j°C H-Na,GdCIO is formed 

by the reverse reaction. This way of acting is proved by e.m.f. vs. T.-measurements with 

a ga!vanic cei! for so!id e!ectm!ytes. and by dynamic high-temperature S-ray diffraction 

patterns. For the hitherto unknown compound Na,GdC!, the unit ce!l parameters are 

determined. 

I?.TRODUCTION 

The pseudobinary systems NaC!/LnC13 of the early !anthanoids Ln=La-Nd are eutectic 

with a range of mixed crystal formation near the composition NadLnjCI,a: in the units 

!LnCI:), one Ln”+ is suhstituted by three Sa+-ions Il. 2. 3. 11. In the system SaCl/ 

SmCls 151 additionally a compound Na,SmClj exists. the most stah!e type of ternary 

chlorides in all systems with .4=k;. Rb. Cs. 1965 Korshunov et al. I63 had found two 

incongruen:!y-me!ting compounds in the s!‘stem SaCI/EuCl~ (SazEuCIU and NLEuC!~) 

and an incongruently -me!ting NaSGdCIO in the system NJCI/G~CI,. For the Gd-compound 

a phase transition occurs at205oC. Meyer Ii’1 solved b)- single-crystal work the structure 

of D-Sa,GdClO. a trigonal unit cell in the stuffed LiSbFO-type.The high-temperature 

mcdification has a monoclinic cryolite structure. isotypic with Sa,ErC10 !81. .4 surprising 

finding of .Ileyer. that the density of H-Na3GdCI, is greater than that of the D-modifi- 

cation. was the reason for ourselves to re-investigate these features by e.m.f.-measure- 

ments in a galvanic ce!l for so!id electro!ytes. we had developed in !W? 193. 

Preparation of compounds: GdC!,: dehydration of the hydrate GdCI,+H,O (Fa. Vent.ron. 

90.99%) in an HCI-stream. - NaCI: p.a.-quality, Fa. Merck: dried at SOOoC in HCI. 

Ternary chlorides: prepared by fusion in vacuum sealed quartz ampoules: if necessary 

annealed. ,411 manipulations in a g!ove-box (10 ppm H-0). 

DT.4-measurements: heating curves (2 deg.min -‘I. Preparation of the samples like the 

ternary chlorides. 
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So!ution calorimetry: Home-built isoperibolic calorimeter. From the enthalpies of solu- 

tion. AH’. the reaction enthalpies. IHf, were calculated: 

IHf;,, = :AH;,, !GdC!,j + n. AH’ ,&AC!)3 - 1H&a(A,,GdC!n+J 

S-ray-powder patterns: Philips PW lOSO/ goniometer. High-temperature photos: 

Simon-Guinier method: standard: Al,Os with a=47S.9 pm: c=i?OO.O pm: CUK, radiation. 

E.m.f.-measurements: .A description of the galvanic cell is given elsewhere 191. 

For the formation of Sa,GdCIO the set-up of the ce!l was 

(C+CI,)/NaCI/Naf-conducting diaphragm/Na,GdClj/(C+CI,). 

The solid electrolytes (compressed disks) were separated by a sintered disk of a 

Sat-conducting glass powder. The col!ected e.m.f./T va!ues were subjected to a !inear 

regression anal?-sis. Temperature range: ?hO-380°C. 

RESULTS 

By our own DTA-measurements (fig.11 the existence of Na,GdCIO. incongruent!y- melting 

at 197’C with a phase transition at ?W°C. cculd be co nfirmed. .Additionally, an incongru- 
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FJ bc/ + mole-% GdCb 

Fig. 1 System NaCI/GdCls ( 0 to SO mol-% ) 

ently-melting compound Na_GdC!s 

was found with the peritectic at 

l?OoC and 2R .? ? 0. j m-l-“/ _., ,.” --.., I a GdCl 3 
The correct structure of the phase 

diagram beyond the eutectic at 

.I!b°C and 45.0 t 0.5 mol-% GdCI, 

is stil! unclear. 

SanGdCI, crystal!ises in the 

K,PrCls structure (space group: 

Prima) Cl01 with the orthorhombic 

unit cell: a=!203.1(3): b=829.5(2): 

c= 760.5(z) pm: Z=4. 

The thermodynamic stability 

of NasGdCls is given by the free 

(Gibbs) ent.halpy cf synproporti- 

onation according to the equation. 

NaCl + Na.GdCls = NasGdCIO. & 

This was measured in a galvanic 

ce!l with the electro!ytes NaCl 

vs. Sa,GdC!s ( + some NaaGdCIo to 

maintain reversibility). 30 e.m.f.- 

va!ues E were measured in the 

temperature range 530-650 K. 
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.4 linear regression analysis (fig. 2) yielded the equation 

E/mV = -116.65 (t 1.2) - 0.2169 (2 0.002) . T/K 

Using AC = -n.F.E. the Gibbs-Helmholtz relation is formed: 

ACY”/kJ = 11.26 - 0.0109 . T/K 

with AHSy” = 11.3 2 0.1 kJ.mol-1 and AS’Y” = 20.92 0.2 J-K-r.mol-*. 

.4t 539 K (26Li°C) AGSyn is zero: below this temperature the compcund becomes in- 

stable. it must decompose to a mixture (NaCI + Na,CdClsJ. 

It is not possible to conduct these measurements at temperatures below ‘x.7500C 

because of the growing e!ectrical resistivity of the e!ectrolytes. However. the distinct 

endothermic DTA-effect at 200°C in heating curves indicates a solid-state reaction. which 

is not a transition from D->H. but a decomposition D-NasGdCI, --> NaCl + Na: GdCI,. 

This is confirmed by a dynamic high temperatur Guinier photo: in fig. 3, which is drawn 

directly from this photo. one can see the peaks of D-Na,GdCIO and H-Na,GdC!O separated 

by the reflections of the mixture fNaC1 + Na,GdClj). 

The X-ray patterns of both NaaGdCI,-modifications could be indexed using the unit 

ce!l parameters of Meyer: the D-form with a trigonal cell. the H-form with a monoclinic 

AGSY”/kJ= -716.65-0.0209~ T/K 

AGo bei 538K 

Fig. 2 EMF vs. T values for the reaction NaCl + Na,GdCls = NasGdCl, 

643 23.2 
636 21.6 
639 29.2 
623 18.5 
615 16.9 
698 IS.1 
691 13.5 
593 11.9 
566 18.3 
578 8.1 
571 7.1 
563 5.4 
556 4.9 
549 3.1 
541 1.2 
534 -8.5 
542 B.8 
559 2.3 

zz ::I, 
574 7.5 
582 9.3 
591 11.2 
599 13.2 
686 14.6 
615 16.7 
629 18.1 
615 16.7 
667 IS.1 
699 13.5 



It is not possib!e to retain H-Na,GdC!O 

metastable at ambient temperature by 

“I // 

/I I 111 I 

quenching: thus. no determination of AH 

by solution-calorimetry could be done. 

Ililil I 

For D-Na,CdC10 the fo!lowing solution 

enthalpies were yielded: 

Fig. 3 Dynamic high-temperature 

Guinier pattern of NaSGdClo 

1H&,(GdCl,I = +l..5 kJmol-’ 

SHi,a!NaC!) = -180.3 kJ.mol-i 

AH&,,(D-?iaaGdClOI=-!87.9 kJ.mol-1. 

With these values according to the 

equation 3NaCI+GdC!: = D-Na,GdCIO the 

enthalpy 4H~~,(D-Na,GdC101 =+ll.? kJ.mol-1 

is obtained. (It must be stated that the 

enthalpy. obtained by e.m.f.-measurements. 

is related to the formation of H-Na,GdC10 

from NaCl and Na,GdCIj). 

CONCLUSIONS 

H-?$GdCI, is a compound stable above 538 K. At this temperature the loss of lat- 

tice enthalpy compared with a mixture of NaCl+Na,GdCls (positive bH5Y”l is just equal . 

to the T.AS.term, produced by a gain in entropy. Neither by quenching nor by normal cool- 

ing it can be retained metastable at ambient temperature. but with strong undercooling 

it is transformed directly to D-NasGdCI, at -400 K. The (NaCI+Na2GdClsl-mixture stab- 

le at intermediate temperature is not formed in cooling experiments because of a too 

great kinetic hindrance: it can be yielded only by annealing at temperatures between 480 

and 530 K for 5 or more days. 

The situation with D-Na,GdCIO is still much more precarious by such kinetic effects. 

When heating the compound either decomposition to NaCl+Na,GdCIs occurs at ,\,480 K. ” 

as demanded by thermodynamics. or this reaction is kinetically suppressed and at .-ST0 

K H-NaaGdCIO is formed directly. In this case the formation of the H-modification is 

very siow. at temperatures slightly above 538 K in DT.4 - or DSC - experiments only a 

more or less small endothermic peak can be observed. This behaviour does not admit a 

direct measurement of the related enthalpy by DSC. 
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