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INTRODUCTION

The optical activity of NaClO3 and NaBrO3 crys�
tals has been repeatedly discussed in the literature. In
particular, it was noted that the optically active sodium
chloride and sodium bromide crystals of cubic sym�
metry (sp. gr. Р213 (Т4)) with identical absolute con�
figuration, which are transparent in the spectral range
of 230–3000 nm, have an optical rotation of a differ�
ent sign in this spectral range [1–3]. The optical rota�
tory dispersion of these crystals was measured in [4, 5],
and the results obtained were generalized in [6].

The optical rotation in the transparency range of
the optically active crystals under study (in our case, in
the range of 230–3000 nm) is determined by the sum
of partial contributions from the electronic transitions
in the crystals, which lie at λ < 220 nm. For this reason
the difference in the optical rotation sign may be
related to the difference in the structure of electronic
states of sodium chloride and sodium bromide.

At the same time, the change in the rotation sign
can be caused by the features (maybe insignificant) in
the lattice structure. In view of some new possibilities,
we tried to study the spectroscopic characteristics of
these crystals in detail using the results following from
an analysis of the reflection spectra measured near the
fundamental absorption edge of the crystals. The
reflection spectra in the range of 5–25 eV (250–
40 nm) were obtained using synchrotron radiation on
the SUPERIJJML system at the Synchrotron Radia�
tion Laboratory HASYLAB (Hamburg, Germany)
[7]. The spectra were measured at the direction of
beam incidence close to normal (α ~ 17°) at 9 K.

RESULTS AND DISCUSSION

A study of the absorption spectra of the crystals
showed that the absorption edges of sodium chloride
and sodium bromide lie near 220 and 260 nm, respec�
tively. An inflection is observed at the absorption edge
of the former near λ ∼ 238 nm. A similar inflection is
observed in the spectra of sodium bromide and lithium
iodide crystals at λ ∼ 270 and 330 nm, respectively [6].
These transitions barely manifest themselves in the
circular dichroism (CD) spectra, whereas the CD sig�
nal sharply increases near the fundamental absorption
edge.

The measurement of absorption and CD spectra
does not yield data on the position of excited elec�
tronic states of the crystals (more specifically, on the

energies of excited states of  and  chro�
mophores) due to the strong absorption. At the same
time, the sign of CD spectra near the absorption edge
indicated that the crystals studied had the same absolute
configuration. The results of measuring the optical
rotation sign confirmed this conclusion. For this reason
we investigated the spectra of mirror reflection of the
crystals in the energy range of 5–25 eV (250–40 nm) to
determine the differences in their electronic structure.

The reflection spectra of NaClO3 and NaBrO3

crystals (Figs. 1, 2) differ only slightly. In fact, a differ�
ence is observed only in the band positions: the corre�
sponding bands in the reflection spectrum of sodium
chloride lie at higher energies. This can be explained

by the higher energies of  molecular ion orbitals
due to the higher energy of the atomic orbitals in the
central atom.
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Since the positional symmetry of the  molecu�
lar group in the lattice is С3, both А → А and А → Е
transitions are possible (they are symmetry�allowed in
the electric and magnetic dipole approximations).
These transitions can be active not only in the absorp�
tion spectra, but also in the CD spectra. For the first
type of transitions, the rotatory strength tensor RM, 0j of
an ensemble of equally oriented molecules with sym�
metry С3 has the form [8]:

(1)

where μz and mz are the projections of the electric and
magnetic moments of the transition on the Z axis of
the molecular coordinate system, which coincides
with the molecular symmetry axis.

In the second case, the rotatory strength tensor for
the transitions to degenerate Е states may contain off�
diagonal terms, because the mutual orientation of the
transition moments is not determined by the symme�
try conditions for molecules with Сn or Dn symmetry.

According to [9], the rotatory strength tensor of А–Е
transitions for the above�mentioned ensemble of mol�
ecules has the form

(2)

where μxmx are the projections of the electric and mag�
netic moments of transition on the X axis of the coor�
dinate system.

It follows from expressions (1) and (2) that the
directions of the electric and magnetic moments of
electronic transitions are not determined by the sym�
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,∼

metry conditions; hence, the rotatory strength sign
can be arbitrary.

According to the X�ray diffraction data, the 

and  groups in these crystals of cubic symmetry
are located at the points of positional symmetry С3,
which are linked in the lattice by a threefold screw axis.
To calculate the rotatory strength Rk of electronic
transitions in a crystal with symmetry Т, composed of
molecular ions with symmetry С3 in the absence of any
interaction between them, it is necessary to average
expressions (1) and (2) over the operations of Т group
symmetry using the projection operator method [10]:

Rk = ηRM, 0j.

For the point group Т, the projection operator

η = 1/12{|E |2 + |C3|
2 + | |2 + |C2|

2}, 

where

|E|2 = |E| × |E| 
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2
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| | 
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|C2|
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are direct products of matrices, has the form
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Fig. 1. Reflection spectrum of NaClO3 crystal at 9 K.
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Fig. 2. Reflection spectrum of NaBrO3 crystal at 9 K.
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As a result of averaging of tensor (1), we have

(4)

Furthermore, averaging of tensor (2) gives

(5)

Expressions (4) and (5) show that the rotatory
strength sign for a specific electronic transition in
crystal (as well as in a molecule, see (1) and (2)) and,
therefore, the sign of partial contribution to the optical
rotation within a particular enantiomorphic modifica�
tion of optically active crystal are not determined by
the left� or right�handedness of the crystalline modifi�
cation but depend on both the value and mutual orien�
tation of the electronic moments 〈р〉 and 〈m〉 of transi�
tion, which can be arbitrary within the specific molec�
ular symmetry.

In other words, the CD spectrum of a cubic crystal
of symmetry Т with a right�handed screw axis may
exhibit bands with both a positive and negative sign; in
a number of cases, some bands in these spectra may
have a close�to�zero intensity [10]. In the CD spec�
trum of the same crystal but of another enantiomor�
phic modification, the signs of CD bands change to
their opposite. This situation can easily be understood
by taking into account the change in the polar vector
direction to its opposite and the conservation of the
axial vector direction upon reflection in the plane ori�
ented perpendicularly to the screw axis. The optical
rotation in the transparency range of crystals is deter�
mined by the sum of partial Drude contributions of all
transitions that are active in the CD spectrum, each of

Rk 0 j,
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0 μzmz 0

0 0 μzmz

.∼

Rk 0 j,

μxmx μymy+ 0 0

0 μxmx μymy+ 0

0 0 μxmx μymy+

.∼

which can be positive or negative. Due to this, the
optical rotation sign in the transparency range of crys�
tal may either coincide with the screw axis sign or be
opposite.

In particular, in the CD spectrum of the well�
known uranium sodium acetate crystal [10], some A–E
transitions, which are responsible for strong bands in
the absorption spectrum, are barely observed. In turn,
other vibronic transitions to the next�in�energy dou�
bly degenerated state Е (of the А → Е type) are active
both in the absorption and CD spectra. These totally
symmetric vibronic bands in the CD spectrum have
the same sign as the totally symmetric CD bands of the
“fluorescent” series (А → А transitions). At the same
time, a series of asymmetric low�intensity vibronic
CD bands have the opposite CD sign. In the range of
transparency (λ > 500 nm), the sign of optical rotation
is determined by the sign of the total contribution of
the transitions that have a high intensity in the CD
spectrum.

As was mentioned above, the bands in the reflec�
tion spectra of NaClO3 and NaBrO3 crystals are deter�
mined by the А → А and А → Е transitions in the XO3–

molecular ion. However, it is impossible to determine
the transition type from experimental data. To obtain
additional information about the transition type, we
investigated the reflection spectrum of a plate of
uniaxial optically active LiIO3 crystal, cut perpendic�
ularly to the optical axis, at a close�to�normal inci�
dence of light (17°) (Fig. 3). LiIO3 groups in the lattice

of this crystal (spatial group Р63( )) occupy the sym�

metry positions  in such a way that the threefold
axis of these molecular ions is parallel to the optical
axis of the crystal [11]. In this geometry only the A–E
transitions are active in the reflection spectrum of the
crystal. As one would expect, the reflection spectrum
of this crystal is shifted to longer wavelengths with
respect to the spectra of sodium chloride and sodium
bromide and differs significantly from the spectra of
the latter both in the number of bands and their inten�
sity. Comparing the spectra of all three crystals, we
selected the bands in the spectrum of cubic crystals
that are absent or weak in the spectrum of lithium
iodide. We assigned these bands to the A–A transi�
tions; they are denoted by the “�” sign in Figs. 1 and 2.

In summary, we should note that the reflection
spectrum of lithium iodide contains fewer bands than
the spectra of the two other crystals. According to the
symmetry conditions, these bands can be active in the
axial CD spectrum and, therefore, contribute to the
dispersion and optical rotation in the crystal transpar�
ency range (300–3000 nm). When А → Е transitions
make contributions of the same sign to the optical
rotation of this crystal and there are no contributions
of А → А transitions of the opposite sign to the optical
rotation toward the axis direction, the rotation magni�
tude can be very large. It is well known that optical
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Fig. 3. Reflection spectrum of LiIO3 crystal at 9 K.
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rotation toward the optical axis of lithium iodide crys�
tal has a record value and exceeds the corresponding
values for sodium chloride and sodium bromide crys�
tals by more than an order of magnitude. The rotation
values in the latter are determined by the contributions
of both А → А and А → Е transitions. If the contribu�
tions of the above�mentioned transitions have oppo�
site signs, this circumstance can apparently explain
the relatively small optical rotation and the large dif�
ference in the values of the optical rotation of these
cubic crystals and the uniaxial lithium iodide crystal.

CONCLUSIONS

We investigated the reflection spectra of optically
active cubic NaClO3 and NaBrO3 crystals and uniaxial
LiIO3 crystal in the vacuum UV region at Т = 9 K for
the first time. It is noted that the spectra of the first two
crystals are similar and differ from that of the third
crystal. It is shown by the projection operator method
that the sign of optical rotation in cubic crystals of
symmetry Т in the transparency region with the same
absolute configuration and the same sign of screw axes
can be arbitrary within one enantiomorphic configu�
ration. A comparison of the spectra of cubic crystals
with that of lithium iodide allowed us to select reflec�
tion bands that can be attributed to A → A transitions.
The causes of the record optical rotation in lithium
iodide crystals are discussed.
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