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SHORT COMMUNICATIONS

Crystallographic data for solvated rare earth chlorides.* By EDwWARD J. GRAEBER, GEORGE H. CONRAD and SHER-
wooD F.DULIERE, Sandia Laboratory, Albuquerque, New Mexico, U.S.A.

Table 1. Crystal data

SmCl; . 6H,0 EuCly.6H,0 GdCl;.6H,0 TbCl3.6H,0 DyCly.6H,0 HoCly.6H,O ErCly.6H0 TmCly.6H0
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Values in parentheses are from Thoma & Insley (1964)

(Received 4 August 1966)

In connection with studies on the luminescence decay times
of solvated rare earth chlorides (Freeman, Crosby & Law-
son, 1964), an X-ray analysis of XCl;.6H,0O compounds
was undertaken. It is known that the trichloride hexahyd-
rates of neodymium, samarium, erbium (Pabst, 1931;
Iveranova, Tarasova & Umanskii, 1951), gadolinium (Ma-
rezio, Plettinger & Zachariasen, 1961), and europium
(Bel’skii & Struchkov, 1965) form a series of isostructural
compounds. The detailed crystal structures of the gadolin-
ium (Marezio, Plettinger & Zachariasen) and europium
(Bel’skii & Struchkov) compounds have been reported.
Crystals of these compounds possess monoclinic symmetry
(space group, P2/n) with two molecules per unit cell. We
wish to report lattice constants and optical properties on
the lanthanide chloride hexahydrates containing cations
Z=62to Z=69. Further work is not contemplated on these
isomorphous compounds.

Single crystals of the trichloride hexahydrate were pre-
pared by dissolving rare earth oxides (Research Chemicals,
Inc. 99-9+ %) of samarium, europium, gadolinium, ter-
bium, dysprosium, holmium, erbium and thulium in con-
centrated solutions of hydrochloric acid in water. The habit
(tabular parallel to [010], with prism faces longer than
clinodome faces) reported by Pabst for GdCl;.6H-O and
SmCls.6H,0 is displayed by all members of this series.

The crystal data are summarized in Table 1. Cell param-
eters were determined from precession photographs (Mo
K«, 1=0-7107 A); for the samarium, europium, gadolinium
and erbium compounds, our values are in satisfactory
agreement with those previously reported. Densities were
measured on a Berman torsion balance. The optical pro-
perties were determined by the immersion method from
which the optic sign was observed negative. The crystal
orientation observed for the entire series was Y|[b with no

* This work was supported by the United States Atomic
Energy Commission.

Sm Eu Gd Tb Dy Ho Er Tm

* Estimated probable error values (maximum): 0-015, 0-010, 0-012, 5’, 0-002 for a, b, ¢, f, Dm respectively and 0-002 for refractive indices.
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perceptible dispersion of the optic axis. In Fig.1 density
and cell volume are plotted versus atomic number of cation;
the characteristic contraction of the lanthanide series is
clearly observed.
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The lattice parameter in the solid solution KCI-KBr. By O.D.StaGLe* and H. A. MCKINSTRY, Materials Research
Laboratory, Pennsylvania State University, University Park, Pennsylvania 16802, U.S.A.

(Received 20 November 1965 and in revised form 3 August 1966)

The purpose of this investigation was to study the lattice
parameter of the solid solution series KCI-KBr and to use
the results to define the dependency of the lattice parameter
on composition. Arbitrarily, one can propose a variation
for the lattice parameter in the form:

aj, =afcy + ajc;

where ass, a; and a; are the lattice parameters in the solid
solution, potassium chloride and potassium bromide, re-
spectively, ¢; and c; are the respective concentrations (mole
fractions) and # is an arbitrary power describing the varia-
tion. Vegard (1921) suggested that for many substances
n=1 while Grimm & Herzfeld (1923) on the basis of
theoretical arguments predicted n=8. The more recent
theoretical investigation of Durham & Hawkins (1951) pre-
dicted values of the lattice parameters which are in close
agreement with those given by Retger’s law of additive
volumes, that is n=3. The lattice parameter of the solid
solution KCI-KBr has previously been measured by Havig-
hurst, Mack & Blake (1925) and Oberlies (1928). In neither
case were the data of sufficient accuracy to imply an ex-
ponent other than n=1.

The polycrystalline samples of the solid solution were
prepared by melting. The quenched mixture was ground to
325 mesh and annealed at 500°C for % hr. A Picker X-ray
diffractometer was used to record the high angle Bragg
peaks with Cu K« radiation and scanning at a rate of
0:1°min-! both up and down through each peak. The
temperature of the sample was controlled to +0-1°C. The
angle of each peak was determined as the midpoint of the
peak at half height. From each measured angle the lattice
parameter was determined and plotted against the extra-
polation function cos2 6/sin 8 to remove the systematic er-
rors. Such an analysis indicated that the uncertainty in the
lattice parameter was 0-005 %. If the uncertainty in the com-
position is assumed to be 0-1 %, then one can expect an
additional uncertainty in the lattice parameter of 0-005 9.
The expected uncertainty is then 0-01 %.

The cxperimental values of the lattice parameter were
used to find the least-squares values of the exponent n.

* Present address: Battelle-Northwest, Richland, Washing-
ton, U.S.A.
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Fig.1. The difference between the experimental values of the
lattice parameter for the crystalline solution KCI-KBr and
the values calculated with the use of different values of n, as
indicated, is plotted as a function of the mole composition.

The end member lattice parameters at 25-0°C were found
to be: axer (c1=10)=62927 A and aksr (c2=10)=
6:5993 A using Cu Ke; =1-54051 A and Cu Ka,=1-54433 A.

The differences between experimental and calculated lat-
tice parameters are shown in Fig. 1.

The best fit was obtained for n=3-26 with a 3¢ tolerance
of +0-26. The previously proposed exponential constants
of 1 and 8 can thus be rejected for this system and Retger’s
law of additive volumes may be assumed to hold within
experimental error.
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