Volume 1, number 6

OPTICS COMMUNICATIONS

January 1970

FAR INFRARED ABSORPTION OF CsBr AND CsI CRYSTALS
DOPED WITH OH™ AND OD~

W.PRETTL and E.SIEP

Physikalisches Institut der Universitdt Freibuvg, Germany

Received 9 December 1969

In CsBr:OH™ both librational transitions and the "non Devonshire” line have been found. CsBr:0OD~
displays the expected isotope shift of a librator. Narrow lines in CsBr and Csl, observed directly above
the two phonon lattice absorption, are tentatively explained as due to OH™ aggregates.

Alkali halide crystals doped with OH™ and OD~
ions exhibit in the spectral range above the two
phonon absorption of the fundamental lattice vi-
brations (200 - 500 cm-1) several absorption lines,
which are explained as transitions between libra-
tional levels of the OH™ and OD~ ion respectively
[1,2]. The fundamental librational frequency
oceurs at about 300 cm-1 for OH™ and 220 ¢m~1
for OD”. This isotope shift corresponds approxi-
mately to the square root of the moments of in-
ertia. In addition, the so called "non Devonshire"
line at about 30 cm-1 has been observed in seve-
ral alkali halide crystals [3,4].

We have studied the far infrared absorption
of CsBr:OH™, OD" and CsI:OH~, OD™ up to 400
em-1. In the absorption curves of CsBr:OH™ the
librational line, labelled A in fig. la, appears at
289 cm~1. This line and weaker librational side-
bands at 320, 441, 444, and 545 cm~! were re-
ported by Harrison and Liity [5]. Among these
sidebands the line at 320 cm-1 was in the fre-
quency range covered by our measurements, and
we really found a rather weak sideband, B in
fig. 1a at 314 cm"l, which might be equivalent to
that reported in ref. [5]. The CsBr crystal doped
with OD~ shows three lines: A', B' and C' at
212, 228 and 328 cm~! respectively (fig. 1b). It
also contains OH™ ions, which is indicated by the
presence of the OH™ line A. The line A' is the
main librational line of the OD~ molecule corre-
sponding to the line A of OH~. This is concluded
from the frequency shift wy /wy+ = 1.36, which
is in very good agreement with the expected iso-
tope effect woy-/wop- = feo -/0 H- = 1.37
[2]- In the same way the line B' at 228 ¢cm~1 can
be related to the sideband B at 314 cm-1 in
CsBr:OH". The line C' and the OH" librational
doublet at 441 and 444 cm-1 [5] exhibit rather well
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Fig. 1. Impurity induced absorption: a) CsBr:OH™. h)
CsBr:0D7, the crystal contains also OH™; this can be
seen by the OH™ -librational line A. c¢) the "non Devon-
shire" line in CsBr:OH™. w is the longitudinal optic
phonon frequency and indicates the upper limit of the

phonon band.
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Fig. 2. Impurity induced abgorption in CsT:0H".

the isotope shift relation, but C'is a single line
within our instrumental resolution of 2.5 cm~1.

In Csl doped with OH™ or OD” ions no correspond-

ing absorption occurs, which can be attributed to
the librational mode of the impurities. Measure-
ments of OH™ doped samples in the frequency
range of the phonon bands of the crystals yielded
the "non Devonshire™ line in CsBr {see fig. 1c);
again CsI:OH™ shows no additional absorption.

In addition to the librational transitions of the
hydroxyl ion three strong and narrow absorption
lines appear in CsBr:OH” directly above the two
phonon absorption of the host crystal. They are
also shown in fig. la. In CsI:OH™ a similar spec-
trum is found (fig. 2). In CsBr the shape of these
lines remains nearly unchanged up to liguid ni-
trogen temperature, whereas in Csl the lines
show a stronger temperature broadening. Meas-
urements on several CsBr:OH™ samples showed
that the integral absorption of these additional
lines is proportional to the square of the hydroxyl
concentration. The absorption strength of the
OH~ main librational band A has been taken as a
measure of the OH™ concentration. From this
result we suppose that these transitions are
caused by OH” aggregates. The CsCl structure
favours the interaction of two OH™ impurities on
neighbouring anion sites, because there is no host
lattice ion between them, as in NaCl structure
crystals. Isotopic substitution of OD” for OH"
yield no new "aggregate” modes for both host
crystals. The "aggregate" lines appearing in the
absorption curve of CsBr:OD™ (fig. 1b) must be
attributed to the OH™ impurities, also present
in this crystal. This is deduced by comparing
the integral absorption of these lines with the
OH™ concentration. Possibly, OH™ - OD™ and
OD” - OD™ "aggregate” frequencies are lower
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than the two phonon absorption of the host crys-
tals. These considerations should be taken as a
tentative trial fo explain these transitions, not
fitting into a simple librational model.

An interesting feature of the spectrum of the
doped CsBr crystals is the increasing impurity
absorption by approaching the one phonon cut off
(120 cm-1) from above. Other measurements of
T1% and Na* doped CsBr in the phonon band reg-
ion * yielded a strong temperature dependent im-
purity absorption. This together with the above
mentioned increasing absorption near wy g can
be understood by assuming impurity induced
multiphonon absorption.

The measurements were performed by a
RIIC-Michelson interferometer, FS 720, and a
Fourier transform computer, FTC 100. The
single crystals were grown from u.p. material
by the Czochralski technique in air or in an ar-
gon atmosphere, which made no difference in the
spectra. The hydroxyl concentrations were de-
termined by p.H. titration. Samples of few milli~
meter thickness were used, and cooled by con-
ventional cryogenic techniques.
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* will be published elsewhere.
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