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THE VAPOR PHASE HYDROLYSIS OF THE RARE EARTH HALIDES

II. Heat and Free Energy of the Reactions:
+ - +
SmCl3(g) HQO(g) SmOGl(S) 2HGl(g) and

C. W, Koch and B, B, Cunningham
Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California

August 13, 1952

ABSTRACT
NMeasurementd of equilibrium constants for the reactions:

SuCly(g) * Hgo(g) = SmOCl(s) + 2HCl(g) and

GdCl3(s) + HQO(g) = GdOCl(S) + 2HCl(g) at varieus temperatures give the

free energy functions

6. '
AFO 56+ AT T L) g 00T R LR OBOLT g
(keal) 1000 T 1000
AF®(geal) = 19.96 + 64T 10T 4 1 g 41077 2 . 22 _51.88 7T
1000 T 1000

respectively, using an estimated ACp function of - ., - .

2.8 = 0.36 x 1073 T + 0,44 x 105 T™° for both reactions. Within the
experimental temperature range of about 700-900° K these functions are
consistent with the experimental measurements within an average devistion
of about *0.07 kcal, Because of the possible error in the estimated ACp
funciion, however, extrapolation to 208° X involves a much larger uncer-

tainty.
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THE VAPOR PHASE HYDROLYSIS OF THE RARE EARTH HALIDES

II. Heat and Free Energy of the Reactions:
C1 + HyO = Sm0 + 1
SmCl3(g) * Ho (g) Smi Cl(s) 2HC (g) and

GdCl3(S) + HQO(g) = GdOCl(S) + 2HCl(g)

C. W, Koch and B, B, Cunningham
Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California

August 13, 1952

Introduction
An experimental method of measuring equilibrium constants fof the
i : +. = + i ‘-
reaction: IaCl3(g) H20(¢) LaOCl(S) 2HCl(g) at various tempera

tures has been described in a previous paper,1 The method has now

l. C. W. Koch, A. Broido, and B. B, Cunningham, J. Am, Chem. Soc. 74,

2349 (1952).

been applied to an investigation of the corresponding reactions of
samerium and gadolinium., The results are of interest because they fur-
nish thermodynamic data not previously available for the rare earth
oxychiorides and also because they provide information for a considera-
tion of the influence of crystal geometry on the thermodynamic proper-
ties of compounds of close structural similarity. This latter subject

will be considered in a subsequent paper.
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Experimental

Apparatus and Technigue.--A detgiled description of the apparatus .
. and expérimental~technique used for the hydrolysis measurements on
lanthanum trichloride has been given previguslyol Né modifications of
apparatus or technique were necegssary for the measurements reported
here, Howevef; a platinum foil radiation shield some four inches in
length has now been placed around the central portion of the reaction
chamber, although it was found that the apparent temperature of the
| sample was not affected significantly by this change in the experimental

set=up.

Materials.-~Samarium was obtained as the sesquioxide from
Dr, Frank Spedding of Iowa State College. Spectrographic analysis by
Mr. John Conway of the Radiation Laboratory gave the following results:
europium - 0,01=0,1%, calcium - OoOleol%, lanthanum = 0,01-0.1%.
Gadoiinium sesquioxide was purchased from Adam Hilger ahd Sons,
London, England., The results of a spectrographic analysis of a sample
of this material were as follows: irén_a 0001~OOIZ9

magnesium - 0,01-0,1%, and no other rare earth detected.

«

X-Ray Diffraction Data.--Powder patterns of rare earth trichiorides
and oxychlorides prepared by the methods described in this‘papér were
obtained by Krs. Carol Dauben and Mrs. Helena Rubin of the x-ray :
diffraction group. Estimates of the e;ystallite size of some of our

preparations were made by Professor D. H. Templeton from measurements

of the line broadening of the-diffraction patterns,
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RESULTS
‘The results of therhydrolyéis measurements on solid SmCl3 and
GdCl3 are summarized in Tables I and II below. Calculated free energy
‘values ‘based on the function:

6.4 T log T,

AFQ = AH * 1.8x10°0 07 -2 411
1000 . T

are given for comparison., This function assumes the same ACp equation
as that estimated for lantﬁanum:l‘
ACp = =2.8 - 0,36 x 10°3 T + 0,44 x 105 T2,

The constants AH, and I were evaluated for the samarium and gado-
linium reactions by taking the mean of individual values calculated
from various pairs of free energy values derived from experimentally
- observed equilibrium constants.

‘The right hand columns of Tables I and II give the deviations of
the exnerimental AF?_values from the AF® values calculated from the free
"energy functions. Within the experimental-ﬁemperature range the agree-
ment is reasonably satisfactory.

It should be'emphasized,'however, that heat capacity data for the
rare earth chlorides and oxychlorides are not available and the uncer-
tainty-in our estimated ACp equation therefore-is considerable. - This.
"leads t0 an uncertainty of perhaps 1.5 kcal and 2-3 entropy units in the
extrapolation of our data to room temperature.

-The thermodynamic constants for ﬁhe_hydrolyéis:offthe gsolid" tri-
chlorides of lanthanum, samarium and gadolinium by water vapor are

* summarized-in Table III,
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Table I

" Equilibrium Constants for the Reaction:
. + : - +
SmCl3(s) HQO(g) Sm?Cl(S) 2HCl(g)

Run PHC1 P20  Kpax Angp AFalc A
No. T°K  mm " mm Kmin Kpean kcal  kcal  keal

418.8 1.60 144
1

T 83 o6 1.60 136 4014 8,77 -8.83  +0.06

423,7 1.77 133
8 885 390o8 1074 . 116 124°5 : 8°5 »”8048 ‘8055 +Ooo7

9 867 22202 §°§g igg 104.5 *+ 2.5  -8,01 8,00 +0,01

41,9 2.9  85.9
10 848 e 2lad  me.w  C06B

i+

5,1  =7.40 =7.40 0,00

363,7 2,70 6.4
11 830 37,3 259 61,3 629

1+

1.6 6,83 -6,84 +0.01

1 816 387.8  3.45 57.3 55,5 + 1,8 =b6,51 =6,40 =0,11

329.,6 2.66 53.7

1+

326.1 2,65 52.8

12 811 34978 2.53  19.9 L4

i+

105 96035 'm6024 “0009

273.6  2.43  40.5
2 M7 2627 236 385 390

B

1,0 | =5,82 =5.81 <=0,01

298.2 4.14 28,3

13- T 2721 3.6, 26,8 27-5208  -5.10 -5.08 0,02

P+

258.3  4.26  20.6
415 93109 390 18 03

|+

103 ”4044 “4n48 j +0004

205.3  4.37 127
5 T 9306 422 117 tRR

1+

0.5 =3,61 =3,70 *0,09

152.7 3.81  8.05 _ | |
L 703 15500 355 50 T53%0.52 282 2.8, *0,02

Average deviation 30,05

Net deviation +O°05
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"Table II

Equilibrium Constants for the Reaction:
+ 2HC1

Run _ Pgoy PHoo Kpax YPep . BFEale D
a ca ca

No. T°K mm mm Kpip Kmean ke

610 2,46 199 - .10
l 895 636 2,87 185 192 : 7 "’9035 9045 +Oolo

8 880 g*g% i:ig iig 156 + 8 919  -5.00 -0.19

L3 870 23? 37 I8 1514 872 80 0.2
9 & 423 igz gg 134 +3 835  -8.34 -0.01
10 840 gll*f; igg 18% 100 + 2 Jhéé 7,80 +0.11
1 e gé”g’ % gg’ 6,+2 123 123 0.00
5 8o 478 ggg 2O 65+ 5 6.6, 6,60 -0.04
12 751 o f:clai gg:‘f 3155 + 1.4 »550‘15 s -o,oZ»
7 7o 22 106 134 140205 368 3.5 0.10
T - - R Average deviat_i_on o 0,07

Net deviation =0.19



-8= UCRL-1918

Table III

“Summary of Thermodynamic Constants For the Trichloride Hydrolysis Reactiors

o \ o 0 0 0
OF9gs  AHggs  OSmgs  OFhge  AHoog 88,9 Al “I

La  +l.4  25.6  30.8  17.0  27.0  33.5 27.9 -52.4
Sm ""'504 1902 3104 10 04 . 2006 314-00 2106 ‘”53 oo

Gd 6.2 17.6 30.2 9.2 19,0 32,9 20,0 -51,9

The above values are in kcal per mole and cal per degree per mole.

Negiecting electronic contributions it would be expected that AS
for the various reactions would be very neafly the same at a given tem-
perature,

However, since the elecﬁrical fields within the trichloride and
oxychloride crystals are not of the same symmetry, the difference be-
tween the contributions of low lying energy states to the entropies of
the trichloride and oxychloride of the;same element, may be appreciably
different for different rare earths, Such effects cannot be calculated
with confidence at present, and we prefer to attribute the differences
in the observed AS values principally to experimental. error.

The most noticeable feature of the hydrolysis reactions is that
their free energies become progressively more negative with increasing
atomic number. A detailed consideration of this effect in terms of the
erystal energies of the trichlorides and oxychlorides of lanthénum,
samarium, and gadolinium will be presented in a sﬁbsequent paper.

In a previous paperl on the reaction 6f lanthanum trichloride

with water vapor, we combined our thermochemical data with data given
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in the Bureau of Standard's "Selected Values of Chemical Thermodynamic
Properties" (Series I, Table 76-1, December 31, 1949) to calculate a

heat and free energy of formation of 1a0Cl. It now appea.rsz’3 that the

2, H. R. Lohr and B. B. Cunningham, J. Am. Chem. Soc. 73, 2025 (1951).
3. F. H. Spedding and C, F. Niller, Iowa State College Ames'Laboratory

Report ISC-167 (July 25, 1951).

heats of formation of the rare earth trichlorides given in the source
- referred to are substantially in error. It -does not: gseem worthwhile
therefore to attempt to calculate heats and free energies of formation
of SmOCL and GAOCL from our data until reliable thermochemical values
are available for the trichlorides.

Crystallite size estimates of some of our preparations indicated
a pérticle size in excess of 500 . It seems unlikely that the thermo-
dynamic properties of the solid trichlorides and oxychlorides used in
the equilibrium measurements were sufficiently different from those of
macro crystals to have affected our results significantly.

This work was performed under the auspices of the ﬁosa Atomic

Energy Commission.





