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Anhydroud rare-carth halldes an: propared by the eopvermion of the rare-carth oxida

to the halide b

iransfer from the reaction veggel, the halide js mse

meand of ita reaction with the inmPriat.e ammonium halide.
T

Without
then cryatallized by plow cogling.

The resulting solid waually containg single crystals large coough to parmit spectroacopie

studies of the compounds.

1. Introduction

In recent years much attention hes beon paid
to the optical and magnatic properties of rare-earth
compounds. The anhydrovs halides have sampler
eryatal strueturez [1]! than most of the other well-
known rare-earth compounds, end yield experimantal
datu that are easior to in tet. It ig desirable to
have an efficient method for the preparation of singls
erysiala of the anhydrous hahdes, particularly if
one wishea to study intensities of spectral lines as
# funetion of concentration of absorbiny ion.

Hingle cryatals of anhydrous rers-zacth halides
ate not diffieult to grow from a pure melt. Tha
produetion of the pure sslie hae, howevar, been lime-
copeuming and difficult, Previgus workers [2-8]
have prepared them by dissolving the rare-earth
oxide in the appropriate acid and subseguent
evaporation to crystallize the hydrated halide,
followed hy dehydration of the hydrated halide in
an atmosphere of dry hydrogen halide gas. It
has sonietines been necessaty, in order to cryetallize
salts prapared in this way, to purify them by dis-
tillation 15, 6]. A much simpler method for the

reparation of anhydrous rare-earth halides, except
Ellﬂridﬂs, was first described by Reed [B] in 1934.
None of the early workers [9-12] uwsing this method
reported sttempts to crystallize their produets. In
thig work it was found that, by uainia modification
of the basic procedure described by Reed, =zalts
pure enough to crystallize could be produced.

2. Method and Apparatus

Anhydrous rare-encth halides can be prepared b
the reaction, at high temperatures, of the rare-eart
oxide with the ap?mprmta ammmonium helide, as
represented by the [sllowing typical equation:

Lﬂgﬂg + GNH;DI—.‘ELH.G].;] - ENHE - E-HED.

I Flgures [n hiaekyts indbizb the 1 lata e rafereneed at Ehe ¢bd of this paper.

A large excess of ammonium halide must be used.
A fourfold steichiometric excess is adequate for the
chlovide and the bromide, whereas a tenfold excess is
neceasary for the iodide. The reapents are ground
togeiher with a mortar and pestle until & powdery
mixture is obtained, then poured into a vycor tube
about 15 in. long and wn inc¢h or more in dismeter.
One ond of this tube is drewn to & point sud the other
is the cuter member of & standard taper joint. A
strenm of dry, inert gae (helintn or nit-rogen]) is to be
directed over the mixture. This is effecied by the
arrangement depicted in fizure I. A Pyrex innar
tube extends several inches into the wyeor tube.
Thare 13 8 distunce of gt leset an inch between the
reacting mixture and the end of the inuer tube. A
ving seal connecia the Pyrex tube with the inner meim-
ber of the tapered joint. The members of the joint
are sealed by means of & silicone Q-ring that fitz into
a gtoove in the inner member. A small flow of dry

s 18 sturled. The assembled reaction vessel is then
inserted a sufficient distence inta the tube of a hori-
zontal furnace to allow the dry ;ﬁ.ﬂ e enter the hot
zone before passing out through the Pyrex tube.
The temperature is reised to the point where the
reaction becomes vigorons, which is between 200 and
400 °C, degfndmg on which halide is being made,
and 13 held thers until the resction i3 nearly complete.
The flow of gas carries sut the volatile products of
the reaction, and the water vapor condanszes on the
cooler walle of tubing outaide the furnace. The
appearance and subsaquent evaporntion of this water
is the hest guide as to the course of the reaction.
The water evaporatea about an hour after it appears,
indicating that the renction iz close to completion.
The temperature is then raised about 104 °C, and is
held at this point for several hours, in order to effect
completion of the reaction. During thie period moat
of the smmoaium halide sublimes and is earried out
of the furnace by the flow of gas. Condensation of
ammonium helide on the cooler walla of tubing
eventually obstructs the flow of gas, but the heating
can be interrupted in order to clean and repiace the
tubing. The residus! rare-earth halide is a powder
and can react with traces of oxygen sod water vapor.
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An important contribution to this work was the
glasshlowing and yyeor-working of the Glasshlowing
:'."'iilllp af e Nutione! Burean of Hlul:lthlrt[:‘i, roEl of
which was done by Jobhn Hydwo, Jr
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