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Lanthanoid Chirality as a Tool for Assignment of f-f Transitions.
Tbh3" and Tm3?* Diglycolate
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Although chiral studies have proved to be handy in the assignment of transitions in biological molecules,
organic molecules and transition metal complexes, its potentiality for lanthanoid transition needs to be demon-
strated. The paper explores the usefulness of CD studies in the assignment of lanthanoid transitions with two
specific chiral single crystals-thulium diglycolate (Tm3*-DG) and terbium diglycolate (Tb3*-DG). It has been

shown that chirality can distinguish AJ=0, %1 transition from others.

resolution has been pointed out.

Identification of weak transitions in the presence of
a strong one is a challenging problem for spectrosco-
pists. For example, in heterocyclic organic molecules
the }(n, 7*) state often remains undetected as this weak
band frequently gets masked by the stronger (m, 7*)
transitions. The same is the case with many spin-
forbidden transitions. Various techniques, such as,
measurement of polarized absorption spectra of single
crystals or other orienting medium, measurements of
polarized luminescence excitation spectrum by photo-
selection technique, improving the resolution by
using supersonic jet-cooled molecules, application of
magnetic or electric field, heavy atom or solvent per-
turbation, circular dichroism spectroscopy, two-
photon spectroscopy etc. have been used to locate hid-
den transitions. We would like to demonstrate here
how chiral studies can help in the assignment of the
lanthanoid fN-fN transitions in situation where a
number of J-states crowd together.

Unlike organic molecules or transition metal com-
plexes, most chiral studies of lanthanoid complexes
almost invariably involve chiral centers other than the
lanthanoid ion. Although such studies can throw
light on the interaction between Ln3*-ion and the chi-
ral center, these systems are hardly appropriate for
spectra-environment correlation or assignment of
Ln3* transitions. Sen, Bera, and Chowdhury! was the
first to make detailed study of a system where the chi-
rality is derived from the immediate environment of
the Ln3* ion. Since then, extensive studies on three
interesting chiral single crystal systems Ln3*-DG
(hexagonal; site-symmetry-D;), lanthanoid double
nitrate (Ln3*-DN) (cubic; site symmetry-distorted
dodecahedron) and lanthanoid pyrogermanate (Ln3*-
PG) (tetragonal; site symmetry-distorted pentagonal
bipyramid)—have been made.2"13 In this paper we
would like to report the spectra of chiral single crystals
of Tb%*- and Tm?**-DG and discuss the extent they
can throw light on the asssignment problem. Crowd-
ing of different J-states has caused considerable uncer-
tainty and confusion in the identification of !Ig, 3P,
3P, states of Tm3* and those states of Tb3* lying above
25000 cm™Y; it is therefore worthwhile to explore the
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potentiality of other types of spectroscopy.14~16

A part of the problem in the case of assignment from
one-photon forced electric dipole transition arises
from the fact that the selection rules,'”? AJ <6, AL<6,
AS=0 are not always valid due to J-mixing and break-
down of L-S coupling, and even when they are valid,
they are not restrictive enough to be useful in the J-
assignment of states.%15 A more restrictive J-selection
rule (AJ<2), offered by two-photon transition selec-
tion rule, has been used by us and others for assign-
ment of Gd3* and other Ln3* transitions.!8-21) Exper-
imental difficulties, however, have stood in the way of
carrying out similar studies on Tm3* and Tb3* crys-
tals. We have therefore tried to exploit AJ=0, %1 selec-
tion rule for magnetic dipolar transitions. One way of
estimating qualitatively the magnitude of magnetic
dipolar transition moment is from the CD/OD
strength, as pointed out by us in earlier papers.5~19 It
is expected that the transitions to the g state of Tm3*
and °Gsg/%Lg; states of Tb3+ will be intense in CD
spectrum relative to others, leading to their identifica-
tion.

Experimental

The single crystals were grown from solution by slow
evaporation as described earlier.!? The optic axis was identi-
fied by means of a polarizing microscope and the crystals
were thinned by grinding and polishing with diamond paste
of different grain sizes. In order to minimize the extent of
overlap of transitions (which may cause cancellation of rota-
tion) and identify the crystal-field components, the crystals
were cooled to 20 K in an Air-product CS202 closed-cycle
cryo-cooler. The absorption spectra were taken in a Cary
17D spectrophotometer and the CD spectra in a JASCO 500
spectrophotometer with minimum possible slit. For some of
the transitions, the ultimate resolution is limited by the
resolving power of the instrument.

Results and Discussion

Figure 1 shows the molecular structure of the Ln3*-
diglycolate complex. Each lanthanoid metal is coor-
dinated to nine oxygen atoms, comprising a trigonal
prism. The upper and lower triangles were made of
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Fig. 1. The molecular structure of [Ln(OCOCH;-
OCH:0CO)33~ (Ln3*+-DG).
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Fig. 2. The low-resolution room temperature

absorption (dotted line) and circular dichroism
(solid line) spectra of an oriented Tm3+-DG single
crystal. Light propagates along the optic axis.

six carboxylate oxygens and they are rotated relative to
each other, destroying the plane of symmetry. The
middle triangle is formed by the three ethereal
oxygens.

Figure 2 shows the CD and absorption spectra of the
same single crystal of Tm3*-DG at room temperature.
In view of the AJ=0, %1 selection rule for magnetic
dipolar transition, and in view of the fact that circular
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Fig. 3. The resolved absorption (dotted line) and
CD (solid line) spectra of Tm3+-DG single crystal
at 20K.

dichroism is a scalar product (imaginary part only) of
electric dipolar and magnetic dipolar transition
moments while OD depends on the sum of squares
(absolute value) of the two moments, the CD/OD ratio
is expected to be high for the 3Hg—!I; transition. The
higher CD/OD ratio near 285 nm, the wavelength
region for the 3Hg—!I; transition is apparent from the
spectrum. Since the 3P, state and the components of
the !I; state overlap, we cooled the crystals to 20 K and
carefully scanned the wavelength region 250—300 nm.
A phase transition occurs at about 108 K;” however,
the crystal still remains optically active. In spite of our
best effort we have not been able to completely resolve
all the components in the commercial CD instruments
(Fig. 3). This limitation notwithstanding, the high
CD/OD ratio and low OD value leave little doubt that
the weak peaks between 283 and 287 nm belong to
CF-split components of the !Ig state. The strong
absorption peak at 287.5 nm appears as a weak signal
in the slope of the CD band and hence is assigned to
the 3Hg—%P, transition. It is also interesting to note
that the 3P, and %P, bands, fairly prominent in absorp-
tion spectrum, hardly give any CD signal. Circular
dichroism study can therefore be used as a useful tool
for identifying the CF components of the spin-for-
bidden 3Hg—!Ig transition, which are normally
masked by spin-allowed 3Hg—*%Py, , transitions.

In case of Tm3*, neither the crystal field alone nor
the spin-orbit coupling alone can cause a mixing, in
first order, between the 3P states and the lI; state,
although simultaneous application of the two can. It
may be expected therefore that 3Py , and I states will,
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Fig. 4. The absorption (dotted line) and CD (solid
line) spectra of a Th3*-DG single crystal at 20 K.

to a great extent, retain their characteristics regarding
magnetic dipolar- or spin-allowedness. The situation
is less clear-cut in Tb3*-DG whose spectrum is shown
in Fig. 4. In case of Th3*, the density of levels becomes
so high below 348 nm that it becomes virtually impos-
sible to identify the components from the mess of over-
lapping transitions. However, attempts have been
made previously to assign the states in TbCl;- 6H,O
and Tby(SO4)3-6H,0. The detailed assignments are
given in Dieke’s book.1¥ In order of increasing energy,
the J-states are 5Dj, 5L, and °Gs6. In the present case,
the first four bands close to 381 nm do not show high
CD, although they are more resolved in the CD spec-
trum than in the normal absorption spectrum. This
set of transitions should therefore be ascribed to
"Fg—5D; transitions. On the other hand, the set of
bands between 376 and 381 nm shows very high
CD/OD ratio. This agrees with the expected location
of the 5Gs state in this region. However, the resolu-
tion of the spectrum is not enough to decide whether
only the 5Gs¢ components appear in the above wave-
length region, or there are additional overlapping 5L,
components. Other states expected to be CD active are
SLs7. However, they occur at shorter wavelengths
where background absorption stands in the way of
their identification.
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Conclusion

The CD spectrum may be an useful tool for identify-
ing AJ=0, 1 transitions, specially in situations where
J-mixing is expected to be small. However, for unam-
biguous assignments, all the bands need to be resolved
both in absorption and CD spectra. Itis also useful for
studying the nature of phase transitions.

We thank the National Science Foundation, U.S.A.
for supporting the work (Project No. INT 83-19310).
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