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The heat capacities of the lanthanide chlorides NdC12, SmCI2, EuC12, DyCI2, TmC12, 
YbCI 2, DyCI~, YbCt 3 and LuCI 3 were measured at 10-320 K with an adiabatic 
microcalorimeter. 

Standard thermodynamic properties were calculated from the experimental results. 
The heat capacities of these chlorides are composed of the lattice heat capacity and an 

additional contribution caused by the thermal population of the low-lying Stark electronic levels 
(Schottky anomaly). The Schottky heat capacity was estimated as the difference between the 
experimental Cp values for the isostructural paramagnetic and diamagnetic chlorides. 
Experimental Schottky contributions were found to be in good agreement with those calculated 
for SmC12, TmCI 2 and YbC13 via a general model of the main-term Stark splitting of the 
respective ions in the orthorhombic and monoclinic crystal fields. 

The lanthanide chlorides can be used in different areas of  science and technology, 
such as quantum optics, electronics, technological processes for producing the 
lanthanide metals and their comounds in high purity, etc. 

The low-temperature heat capacities of  nine lanthanide chlorides, NdCI2, 
SmC12, EuCI2, DyCI2, TmCI 2, YbCI 2, DyC13, YbCI 3 and LuC13, have been 
measured in the temperauure range 10-320 K. 

Experimental part 

Trichlorides were prepared by the reaction between Ln20  3 and CCI 4. 
Dichlorides except EuC1 z were produced by the solid or liquid reaction between 
LnCI 3 and Ln; the reagents were taken in stoichiometric proportions. EuCI z was 
obtained by the hydrogen reduction of  EuCI 3 . The characteristics of  the substances 
under investigation are shown in Table 1, 

The heat capacity measurements were carried out in an adiabatic micro- 
calorimeter [1] in the temperature range 10-320 K. 
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Table 1 Characteristics of prepaeed lanthanide chlorides 

Crystalline 
Formula Purity, % modification Struct. type 

Symmetric group 

space point 

NdCI 2 99.56 orthorhombic PbCI 2 Pbnm D2h 
SmCI 2 99.62 orthorhombic PbCI 2 Pbnm D2h 
EuCl z 9 9 . 5 0  orthorhombic PbCl 2 Pbnm D2h 
DyCI 2 9 9 . 6 3  orthorhornbic SrI 2 Pbca D2h 
TmCI 2 9 9 . 7 9  orthorhombic SrI~ Pbca D2h 
YbCI 2 9 9 . 4 1  orthorhombic SrI2 Pbea D2h 
DyC13 99.86 monoclinic A1CI a C2/, C2h 
YbCI 3 9 9 . 7 5  monoclinic AIC13 C2/,~ C2h 
LuC13 99.82 monoclinic A1C1 a C2/,, C2h 

The calorimetric ampoule, made of stainless steel (V = 2.5 cma), was put into a 
copper calorimeter; the temperature was measured with a Pt resistance thermo- 
meter. The calorimeter was calibrated against the heat capacity of benzoic acid. The 
scattering of the experimental points was hot worse than 0.2% in the range 
50-300 K, 0.5% in the range 20-50 K, and 5% in the range 10-20 K. Systematic 
uncertainties are about 0.01%. 

Results and discussion 

The experimental data were treated with the program based on the spline 
approximation [2]. The program was developed for the treatment of heat capacity 
data for substances in the condensed phase. To smooth the experimental points 
with the spline functions, it is necessary to find the weight for every point, so a 
special procedure based on the least square method was created. The thermody- 
namic properties were calculated via the spline coefficients. 

The standard thermodynamic properties of the investigated substances are 
summarized in Table 2. The uncertainties include the scattering of the points, the 
systematic uncertainty of the measurements, the influence of the impurities and also 
the uncertainty of the Cp extrapolation to T = 0. 

Analysis of the experimental data 

The heat capacities of the chlorides are similar to those of other lanthanide 
compounds, comprising the lattice heat capacity with an additional contribution 
caused by the thermal population of the low-lying Stark electronic levels (Schottky 
anomaly). The Schottky contribution is shown simultaneously with the main lattice 
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Table 2 Standard thermodynamic data on selected lanthanide chlorides 

847 

C ~ (298.15 K) S O (298.15 K) H ~ (298.15 K ) - H  ~ (O) 
Formula 

J. deg- ~ mol-  1 J. mol-  1 

NdC12 77.77 + 0.30 140.1 + 0.5 17310 + 60 
SmCI 2 84.41 + 0.30 132.2 4- 0.4 18320 + 60 

EuC12 75.23 4- 0.40 138.3 4- 0.8 16440 4- 90 

YbCl 2 77.30 4- 0.30 144.2 4- 0.6 17220 4- 60 

TmCl 2 76.68 4- 0.20 135.1 4- 0.3 17210 4- 40 

AbCl 2 75.73 4- 0.40 120.0 4- 0.6 16380 4- 80 

DyCl a 100.6 4- 0.2 176.6 4- 0.4 " 22030 + 40 

YbCl a 101.44-0.3 170.3 +0.5 219004- 60 

LuCIa 96.62 4- 0.20 153.0 4- 0.4 20500 4- 40 

Table 3 Energies of split Stark levels 

Main term Pl El, cm -1 Main term Pl Ei, cm- I  

SmCI 2 3Fo 1 0 TmCI 2 2F,/2 2 0 
7v, 1 273 2 60 

1 293 2 113 

1 313 2 171 

7F2 1 773 YbCI a 2F,/2 2 0 
1 793 2 160 

1 813 2 320 

1 833 2 450 
1 853 2 640 

increment in a wide temperature range; these contributions are expected for NdCI2, 
SmCIz, DyC12, TmC12, DyCI 3 and YbCI 3. The Schottky heat capacity was 
estimated as the difference between the experimental Cp values for the isostructural 
paramagnetic and diamagnetic chlorides. EuCI2 and YbCI2 were used as the 
diamagnetic analogs for the dichlorides (NdCI2 and SmCI2 ; DyCI2 and TmCI2, 
respectively) and LuCI 3 for the trichlorides. 

The energies of the split Stark electronic levels were evaluated for three 
compounds: SmCI2, TmCI 2 and YbCI 3 (Table 3) 

The point group symmetry is known for the investigated chlorides (Table 1); 
accordingly, the main-term splitting was calculated. The energy evalt~ation was 
based on the general model of the level splitting of the respective ions in the 
orthorhombic and monoclinic crystal lattice fields. Good agreement was attained 
for SmCI2, TmCI 2 and YbCI 2 (Figs 1-3). 
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Fig. 1 Sehottky anomaly heat  capacity ofSmC12, �9 experimental curve; - -  theoretical curve 
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Fig. 3 Schottky anomaly heat  capacity for YbCI 3 . 0 experimental curve; - -  

t ~ o ~ f i ~ i c u ~ e  

theoretical curve 
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Some differences between the experimental and the theoretical curves were 
explained by the possible influence of the impurities contained in the EuC12 and 
SmCl 2 samples. 
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Zusammenfassung - -  Die Wfirmekapazit/iten yon NdC12, SmC1 z, EuCI~, DyCI 2 , TmC12, DyC13, YbC13 
und LuCia wurden im Temperaturbereich 10-320 K mit einem adiabatischen Mikrokalorimeter 
gemessen. Aus den Ergebnissen wurden die thermodynamischen Standardwerte berechnet. Die 
W/irmekapazit/it dieser Chloride setzt sich zusammen aus der Gitter-W/irmekapazit~it und einem 
Beitrag, infolge der thermischen Besetzung der niedrig-liegenden Stark-Niveaus (Schottky-Anomalie). 

. o 
Die Schottky-W/irmekapazit/it wurde als Differenz zwischen experamentellen Cp-Werten iso- 
struktureller para- und diamagnetischer Chloride gesch/itzt. Die experimente11 gefundenen Schottky- 
Beitr/ige stimmen gut iiberein mit den Werten, die fiir SmCIz, TmCI2 und YbC13 nach einem 
verallgemeinerten Modell der Stark-Aufspaltung der Ha~uptterme der betreffen/:len Ionen im 
orthorhombischen bzw. monoklinen Kristallfeld berechnet wurden. 

Pe3mMe - -  C noMomblo a~a6aTuqccxoro Ka2IOpUMeTpa B HuTepBa.ae TeMnepaTyp 10-320 K 
H3MepeHbl HeIIJIOeMKOeTH XJIopH~IOB ~IByxBaJIeHTHblX HeO~HMa, caMapHx, enponHJi, ~HCHpO3H~, TyJIH~, 
HTTCp6Hs H x2mp~os  TpexBa3IeHTHbIX ~HcHpO3Hg, aTTep6aa H 2]IOTeUyeI~L I/I3 IIOJlyqeHHblg ~aHHblX 
BbItIHCJIeHbl CTaHRapTHble TepMO~[HHaMHqL~KHe CBOfiCTBa. TeILTIOeMKOCTH XJ IOpH~OB CA)CTOJlT H3 

pcmCTOqHOfi TeII21OeMKC~TH H ~[OHOJIHHTeJIbHOFO s ~ a a a a ,  BHOCHMOFO TOpMHqeCKOI4 HJIOTHOCTbIO 

HH3IgOJIexalIIHX 3AeKTpOHHbIX ypoBHefi HlTapKa (aHOMa.rlHS IIIoTTIOI). TenJIOCMXOCTb no mOTTrd4 
6bI2Ia orlpcjie2ieHa Kale pa3JIHqHe MeT:dly 3KcHepHMeHTa21bHhIMH 3HaqeHHIMH C o ,IUIH H3OCTpyKTyDHblX 
rlapaMarHHTHblX H ~HaMaFHHTHblX xaopmloB. ~KCHepHMeHTaJIbHble BeJ1gqHHbl BKJIa~OB He II[OTTKH 
;~a  SmCI 2, TmCI~ H YbCI 3 xopomo corJlacy~oTca c BhIqHCJIeHHIhlMH C HOMOIRbIO O6Hlefi Mo~eJIH 
OCHOBHOFO TepMa mTapKoBcgoro pacmeii~eHHa GOOT~TffrBylOIIIHX HOHOB B IcpHcTaYIJIH~leCKOM noJle 
OpTopOM6HqeCxOfi H MOHOI(.IIHHHOfi pcmeToir 
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