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New ultraviolet transparent rare-earth borates
with enhanced birefringence induced by cation
chemical substitution†
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Yicheng Wu

Birefringence determined by optical anisotropy is one of the most pivotal and fundamental performance

of optical materials. However, optimizing the birefringence remains a significant challenge. Herein, a

simple and effective method of cation chemical substitution for improving the birefringence has been

accomplished and three Y-based borates, namely, LiNa2Y(BO3)2, RbNa2Y(BO3)2 and RbSrY(BO3)2, were

successfully synthesized. They all have deep-ultraviolet (DUV) cutoff edges below 190 nm. Single-crystal

analysis reveals that LiNa2Y(BO3)2 and RbNa2Y(BO3)2 possess three-dimensional (3D) frameworks with

small channels filled by alkali metal cations, whereas RbSrY(BO3)2 features a two-dimensional (2D) layered

structure separated by alkali metal and alkali-earth metal cations. The birefringence exhibits a progressive

doubling increase from LiNa2Y(BO3)2 (0.017@532 nm) to RbNa2Y(BO3)2 (0.033@532 nm) and then to

RbSrY(BO3)2 (0.070@532 nm). Using cation size arguments, coordination environment, and the arrange-

ment of groups demonstrate that cation substitution have a decisive effect on the birefringence enhance-

ment. In addition, other optical and thermal properties of the three title compounds were characterized.

The structure–property relationships were analyzed by the first-principles calculations.

Introduction

Birefringence refers to the phenomenon that a beam of
natural light passing through an anisotropic crystal is split
into two beams of polarized light with different refractive
indices.1–4 As the key optical property of photoelectric func-
tional materials, birefringence plays an indispensable role in
the field of both linear and nonlinear optics (NLO).5–10 In the
realm of traditional linear optics, birefringence, due to its
capability of modulating polarized light, has become exten-
sively integrated in various polarization devices such as
electro-optic modulators, electro-optic switches and optical
isolators.11–13 Additionally, for the laser-dominated NLO field,
an appropriate birefringence, such as Δn > 0.03 for the infra-
red NLO materials, 0.06–0.1 for ultraviolet (UV) or deep ultra-
violet (DUV) ones, can offset the phase mismatch caused by
dispersion, achieving phase matching (PM) of NLO crystals.14

After decades of continuous development, many materials

with enhanced birefringence have been widely used in the
near-infrared (NIR) and visible regions, such as YVO4,

15 TiO2,
16

LiNbO3,
17 and CaCO3.

18 However, in UV and DUV regions, the
material possessing large birefringence is still quite
scarce.19–22 Although MgF2

23 as a birefringent material posses-
sing DUV transparent window (∼110 nm) has been commercia-
lized, the insufficient birefringence (Δn = 0.012@532 nm)
remains an obstacle to its widespread application.24,25

Therefore, optimizing the birefringence of UV/DUV materials
is still a prominent focus in contemporary materials research.

From the perspective of structure–performance relation-
ships, birefringence mainly originates from the anisotropy of
structural polarization.26,27 Generally, introducing strongly dis-
torted basic building units (BBUs) into the structure is condu-
cive to increase the birefringence of materials.28–30 These
BBUs typically consist of the polyhedra with cations suscep-
tible to second-order Jahn–taller (SOJT) effects, including d0

transition metals (Nb5+, Mo6+, W6+, etc.) and stereochemically
active lone pair (SCALP) cations (Pb2+, Sn2+, Sb3+, etc.).31–34 The
strategy has proven effective by reported oxides with large bire-
fringence, such as the K3Nb3Ge2O13 (0.196@546 nm),35

Sn2B5O9Cl (0.196@546 nm),36 and Hg4(Te2O5)(SO4)
(0.542@546 nm).37 However, an unwanted red shift of the
cutoff edge is always caused by these cations.38–40 As a result,
the strategy is not suitable to enhance the birefringence of UV,
especially DUV optical materials. Relatively, the π-conjugated
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planar [BO3]
3− and [B3O6]

3− anionic groups, possessing large
anisotropy and wide transparency window, make great contri-
butions to the enhanced birefringence and short UV cutoff
edge.41–44 Recently, some research has also proven that the
rare-earth cations with closed-shell electronic configurations
such as Y3+ and Sc3+ play a positive role in achieving both
improved birefringence and wide UV transparent windows.45,46

In this study, to achieve the effect of killing two birds with
one arrow, rare-earth borate was considered by our research
group. Meanwhile, alkali metal and alkali-earth metal cations
without d–d electron transition were introduced in rare-earth
borates on the one hand for widening the UV transparent
window and on the other hand for adjusting the polymerization
of anion groups. Three new alkali/alkali-earth Y-based borates
with isolated BO3 triangles, namely, LiNa2Y(BO3)2, RbNa2Y
(BO3)2 and RbSrY(BO3)2, have been successfully synthesized by
combining cation number effect with the cation chemical sub-
stitution. Three compounds exhibit similar stoichiometry, but
they crystallize in different space groups (LiNa2Y(BO3)2 & P21/n;
RbNa2Y(BO3)2 & Pnma; RbSrY(BO3)2 & P21/m). Birefringence cal-
culations show that their birefringence values exhibit doubling
of increase from 0.017@532 nm of LiNa2Y(BO3)2 to
0.033@532 nm of RbNa2Y(BO3)2, and then to 0.070@532 nm of
RbSrY(BO3)2. The substitution of alkali metal/alkali-earth metal
cations cause the different arrangement of B–O and Y–O groups
that has a great influence on the birefringence of the materials,
which is rarely reported in rare-earth borates. Therefore, in this
report, we will discuss the effect of cation substitution on the
structure and then on the birefringence in detail. In addition,
the structures, properties, and the first-principles calculations
for these materials are reported. This work will provide some

new insights for the designing of UV or DUV optical materials
with large birefringence.

Results and discussion

The structures of three compounds are shown in Fig. 1. LiNa2Y
(BO3)2 crystallizes in the monoclinic space group P21/c
(Table S1†). Its asymmetric unit contains one crystallographic-
independent Li, two Na, one Y, two B, and six O atom(s). All
the B atoms are connected to three O atoms to form isolated
BO3 triangles with the B–O distances ranging from 1.353(8) to
1.396(7) Å. The Y atoms are linked to eight O atoms to build
the irregular YO8 polyhedra with Y–O distances of 2.270(5)–
2.517(4) Å. Further, the YO8 polyhedra are interconnected by
the sharing of oxygen atoms to form 1

1[YO6] layers, which are
linked with BO3 triangles to construct a final three-dimen-
sional (3D) framework with channels filled by Li+ and Na+

cations to balance charges (Fig. 1a). The Li atoms are con-
nected to five oxygen atoms and the Li–O distances range from
1.938(14) to 2.313(13) Å. The Na(1) and Na(2) atoms are in
sevenfold and fivefold coordination environments, respect-
ively, with distances in the range of 2.196(5)–2.948(5) Å.
According to Brown’s formula,47 the bond valence sum (BVS)
analyses for every atom result in values of 0.96 for Li+,
1.02–1.06 for Na+, 3.09 for Y3+, 2.94–2.98 for B3+, and 1.82–2.05
for O2− (Table S2†). These are all consistent with the expected
oxidation states.

RbNa2Y(BO3)2 crystallizes in the orthorhombic space group
Pnma, and its asymmetric unit has one crystallographically
independent Rb, one Na, one Y, two B, and five O atom(s). Y

Fig. 1 Structures of (a) LiNa2Y(BO3)2, (b) RbNa2Y(BO3)2 and (c) RbSrY(BO3)2. Connected modes of Y–O and B–O groups in (d) LiNa2Y(BO3)2, (e)
RbNa2Y(BO3)2 and (f ) RbSrY(BO3)2.
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atoms are coordinated with seven O atoms to construct YO7

polyhedra, which are linked together to build 1
1[YO6] infinite

chains. The neighboring 1
1[YO6] chains are connected by iso-

lated BO3 triangles to construct a 3D framework with tunnels
located by Rb and Na cations (Fig. 1b). The Rb and Na atoms
are in seven-coordinated environments to form the AO7 (A =
Rb, Na) polyhedra. The B–O, Y–O, Rb–O and Na–O distances
range from 1.361(14) to 1.415(13) Å, 2.232(4) to 2.360(7) Å,
2.762(7) to 3.631(2) Å, and 2.461(6) to 3.019(6) Å, respectively
(Table S3†). Bond valence calculations resulted in values of
1.11, 0.79, 3.28, 2.89–2.98, and 1.91–2.01 for Rb+, Na+, Y3+, B3+,
and O2−, respectively (Table S2†).

RbSrY(BO3)2 crystallizes in the monoclinic space group P21/
m. In the asymmetric unit, there is one unique Rb, one unique
Sr, one unique Y, two unique B and four unique O atom(s).
The isolated YO6 octahedra and BO3 construct a two-dimen-
sional (2D) layered structure separated by Rb+ and Na+ cations
(Fig. 1c). Both Rb and Sr atoms are coordinated with nine
oxygen atoms. The bond distances are as follows: B–O: 1.361
(14) to 1.415(13) Å, Y–O: 2.228(9) to 2.267(9) Å, Rb–O: 2.859(3)
to 3.153(7) Å, Sr–O: 2.709(6) to 2.793(6) Å (Table S3†). The BVS
analyses for each atom in RbSrY(BO3)2 result in values of 1.09
for Rb+, 1.75 for Sr2+, 3.26 for Y3+, 3.01 for B3+, and 2.01–2.14
for O2− (Table S2†). Clearly, the BVSs of Y3+ in RbNa2Y(BO3)2
and RbSrY(BO3)2 are 3.28 and 3.26, respectively, which are
slightly higher than their expected values. In fact, the large
BVSs for Y3+ can also be found in other compounds, such as
3.32 in Na3Y3(BO3)4, 3.22 in KBaY(BO3)2, 3.20 in K3YB6O12 and
3.21 in K7CaY2(B5O10)3. Thus, the BVSs for Y3+ are within a
reasonable range.

Influence of the cation size on the framework structures

Although the three compounds have similar formula, they
crystallize in different space groups, i.e., LiNa2Y(BO3)2 & P21/n,
RbNa2Y(BO3)2 & Pnma, RbSrY(BO3)2 & P21/m due to cation sub-
stitution. All the title compounds contain isolated BO3 tri-
angles and Y–O polyhedra. The structural differences will be
discussed in detail in the following two aspects: (i) Different
arrangements and connected modes of B–O and Y–O groups.
All three structures contain two crystallographically indepen-
dent BO3 units, namely, B(1)O3 and B(2)O3. In LiNa2Y(BO3)2,
B(1)O3 are connected with Y–O layers to form a 3D network,
while B(2)O3 triangles are localized in the interlayers and
feature a reversed arrangement (Fig. 1d). In RbNa2Y(BO3)2, the
B(2)O3 triangles are responsible for linking Y–O chains to form
a 3D framework, while B(1)O3 groups are embedded between
two YO7 polyhedra in the Y–O chain (Fig. 1e). In RbSrY(BO3)2,
B(1)O3 and B(2)O3 triangles adopt a coplanar configuration
with an oppositely aligned arrangement to connect with iso-
lated YO6 polyhedra, forming a 2D layered structure (Fig. 1f).
In addition, the Y atoms also exhibit different coordination
environments in these three structures, i.e., YO8 in LiNa2Y
(BO3)2, YO7 in RbNa2Y(BO3)2 and YO6 in RbSrY(BO3)2. From
LiNa2Y(BO3)2 to RbNa2Y(BO3)2, taken from Shannon,48 the
ionic radius of Rb+ cation (1.56 Å) is significantly larger than
that of Li+ cation (0.59 Å). Also, the coordination number of

RbO7 polyhedra in RbNa2Y(BO3)2 is more than that of LiO5 in
LiNa2Y(BO3)2. Thus, the relatively low coordination of YO7 has
been observed in RbNa2Y(BO3)2. From RbNa2Y(BO3)2 to RbSrY
(BO3)2, the radius of 9-coordinated Sr2+ (1.31 Å) is larger than
that of 7-coordinated Na+ (1.12 Å). Accordingly, the coordi-
nation number of Rb cation also increases from RbO7 in
RbNa2Y(BO3)2 to RbO9 in RbSrY(BO3)2. As such, in RbSrY
(BO3)2, the coordination number of Y–O is only six-co-
ordinated. (ii) Cation coordination environment and linkage
modes. As shown in Fig. S1,† the alkali metal or alkaline
earth-metal cations are occupied in the respective cavities
formed by the Y–O six membered rings in LiNa2Y(BO3)2 and
RbNa2Y(BO3)2 or Y–O interlayer spaces in RbSrY(BO3)2.
Besides, in LiNa2Y(BO3)2, Na(2)O5 and Na(1)O7 polyhedra are
connected into a 3D network, and the isolated LiO5 are located
between the Na–O polyhedra, forming the final cation frame-
work. On the other hand, in RbNa2Y(BO3)2 and RbSrY(BO3)2,
the Na-, Rb- and Sr-centered polyhedra all connected with each
other to form 1D chains. These chains are further connected
to form a 3D cation network in RbNa2Y(BO3)2 and 2D layers in
RbSrY(BO3)2 (Fig. S2†). To sum up, the reason for the struc-
tural changes may be induced by the cation size effect that the
substituted cations with a larger cation size and higher coordi-
nation number influence the nature of the Y–O groups
bonding mode to BO3 triangles.

The UV-vis-NIR diffuse reflectance spectra are shown in
Fig. 2a–c. They all have DUV transparency down to 190 nm,
and the experimental bandgaps are 5.68, 5.65, and 5.56 eV,
respectively. These values are comparable to those of other
reported rare-earth borates, such as K3YB6O12 (195 nm),49

Ca4YO(BO3)3 (200 nm),50 and K7MY2(B5O10)3 (M = Ca, Sr, and
Ba) (<190 nm),51 indicating that the title compounds have
potential applications in the DUV region. In addition, to reveal
the different coordination environments of boron atoms, the
IR spectra were measured and are depicted in Fig. 2d–f. The
absorption peaks at 1351 and 1175 cm−1 in LiNa2Y(BO3)2 are
attributed to the asymmetric stretching of the BO3 units, while
the absorption peak at 767 cm−1 corresponds to the symmetric
stretching of the BO3 units. For RbNa2Y(BO3)2, the absorption
peaks at 1435 and 1190 cm−1 are ascribed to the asymmetric
stretching of BO3, and the symmetric stretching of trigonal
BO3 can be observed at 876 and 778 cm−1. For RbSrY(BO3)2,
the absorption peaks at 1179 and 773 cm−1 are assigned to the
asymmetric stretching and symmetric stretching of BO3 units,
respectively. Moreover, the absorption peaks at 645, 644, and
617 cm−1 correspond to the out-of-plane bending of the BO3

units in LiNa2Y(BO3)2, RbNa2Y(BO3)2 and RbSrY(BO3)2,
respectively. These characteristic peaks confirm the existence
of BO3 groups in these structures.

The differential scanning calorimetry (DSC) curves are
depicted in Fig. S3.† For LiNa2Y(BO3)2 and RbNa2Y(BO3)2, only
one endothermic peak is observed at about 811 and 894 °C,
respectively. For RbSrY(BO3)2, no endothermic peak was
observed before 900 °C. In order to investigate the melting be-
havior of the three compounds, we placed the pure powder
into a platinum crucible and heated it to 850 °C for LiNa2Y
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(BO3)2, 950 °C for RbNa2Y(BO3)2, and 1000 °C for RbSrY(BO3)2.
Further, X-ray diffraction (XRD) analysis was conducted on cal-
cined samples. The results indicate that LiNa2Y(BO3)2 melts
congruently while RbNa2Y(BO3)2 and RbSrY(BO3)2 melt incon-
gruently (Fig. S4†). The phase of RbNa2Y(BO3)2 after melting is
unknown, and the main residue is Sr3Y3(BO3)4 (PDF #54-1120)
for RbSrY(BO3)2.

Furthermore, to elucidate the relationship between elec-
tronic structure and optical properties, first-principles calcu-
lations were carried out based on density functional theory
(DFT) to determine the band gap and densities of states (DOS)
of the three compounds. As illustrated in Fig. S5,† LiNa2Y

(BO3)2, RbNa2Y(BO3)2, and RbSrY(BO3)2 are all direct band gap
compounds with the calculated band gaps of 4.33, 3.25, and
4.87 eV, respectively. These values are smaller than the experi-
mental values because the DFT method underestimates the
band gap. The DOS is used to analyze the composition of the
electronic structures (Fig. 3). The deep region of the valence
band (VB) (−27 to −7 eV) mainly comprises Na 2p, B 2s, B 2p
and O 2s orbitals for LiNa2Y(BO3)2; Rb 2s, Na 2p, B 2s, B 2p
and O 2s for RbNa2Y(BO3)2; Rb 2s, Sr 2p, B 2s, B 2p and O 2s
for RbSrY(BO3)2. As for the VB between −7 and 0 eV, the band
is primarily made up of B 2s, B 2p and O 2p orbitals of all
three compounds. Moreover, Na 2s, Na 2p, Rb 2s, Rb 2p, Sr 3d,

Fig. 2 UV-vis-NIR diffuse reflectance spectra of (a) LiNa2Y(BO3)2, (b) RbNa2Y(BO3)2, and (c) RbSrY(BO3)2. IR spectra of (d) LiNa2Y(BO3)2, (e) RbNa2Y
(BO3)2, and (f ) RbSrY(BO3)2.

Fig. 3 Densities of states (DOS) for (a) LiNa2Y(BO3)2, (b) RbNa2Y(BO3)2, and (c) RbSrY(BO3)2.
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Y 4d and B 2p holds a conduction band (CB) from 0 to 10 eV.
In summary, the B–O groups primarily determine the optical
properties near the Fermi level of the three compounds. At the
same time, the birefringence was also calculated, resulting in
values of 0.017, 0.033 and 0.070 at 532 nm for LiNa2Y(BO3)2,
RbNa2Y(BO3)2, and RbSrY(BO3)2, respectively (Fig. 4).

Besides, the birefringence was measured through cross-
polarization microscope based on the formula R = Δn × d,
where R, Δn, and d represent optical path difference, birefrin-
gence, and thickness, respectively. Fig. 4 shows the original
interference color. The thickness measured on the Bruker
single crystal diffractometer is shown in Fig. S6.† The optical
path difference was obtained to be 0.45, 0.40 and 0.80 μm for
LiNa2Y(BO3)2, RbNa2Y(BO3)2 and RbSrY(BO3)2, respectively, by
comparing with the Michel–Lévy chart. Therefore, the birefrin-
gence values were determined for LiNa2Y(BO3)2, RbNa2Y
(BO3)2, and RbSrY(BO3)2 as 0.019, 0.031 and 0.071, respect-
ively. These experimental values are consistent with the calcu-

lated results. In addition, we have investigated Y-based borates
containing isolated BO3 in the Inorganic Crystal Structure
Database (ICSD); there are 29 reported compounds
(Table S4†). Only 7 compounds were reported with birefrin-
gence values, including LiRb2Y(BO3)2, CaRbY(BO3)2, YCa4O
(BO3)3, Na3Y3(BO3)4, YAl3(BO3)4, Li2RbY4(BO3)5 and
Li2CsY4(BO3)5. One can find that cation substitution in iso-
structural structures has little effect on birefringence, such as
the birefringence of 0.10@532 nm in both Li2RbY4(BO3)5 and
Li2CsY4(BO3)5. On the other hand, from LiRb2Y(BO3)2 to
CaRbY(BO3)2, the cation difference results in obviously
different birefringence, i.e., 0.038@532 nm in LiRb2Y(BO3)2
and CaRbY(BO3)2 (0.048@532 nm). These results demonstrate
that cation substitution with significant radius differences is
an important way to adjust the structural change and then
regulate the birefringence. This phenomenon has also been
observed in the title compounds LiNa2Y(BO3)2, RbNa2Y(BO3)2
and RbSrY(BO3)2.

To determine the origin of birefringence in the three com-
pounds, we will analyze from the following three aspects: the
arrangement of BO3 groups, the covalency of Y–O bonds and
bonding electron density difference (Δρ) based on the
response electron distribution anisotropy (REDA)
approximations.

(i) Arrangement of BO3 groups. According to the anionic
group theory, the co-planar BO3 groups are conducive to
increasing the structural anisotropy and then improving the
birefringence. Based on the above structural analysis, one can
find that in LiNa2Y(BO3)2, B(1)O3 and B(2)O3 triangles are in
the interlayers and intralayers of Y–O layers, which result in
the noncoplanar arrangement of B(1)O3 and B(2)O3 triangles.
This can be proved in Fig. 5. In RbNa2Y(BO3)2, the B(1)O3 tri-
angles adopt a completely coplanar manner in the ac plane,
while B(2)O3 triangles are coplanar in the bc plane. The two
planes are just perpendicular to each other, which will lead to

Fig. 4 Calculated and experimental birefringence for LiNa2Y(BO3)2,
RbNa2Y(BO3)2, and RbSrY(BO3)2.

Fig. 5 Arrangement of BO3 groups in three compounds (Δd is defined as the inclined separation distance of the BO3 groups within a single B–O layer).
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the overall polarization anisotropy to be partly cancelled out.
In RbSrY(BO3)2, both B(1)O3 and B(2)O3 groups are in a copla-
nar configuration with an oppositely aligned arrangement.
Compared to the first two structures, the high density and the
coplanar arrangement of BO3 groups facilitate the superposi-
tion for polarization anisotropy in RbSrY(BO3)2.

(ii) Electronic population of Y–O polyhedra. The overlap
populations represent the density distribution of electrons in
different atomic orbitals, and in general, the larger the popu-
lation value, the more overlapping charges between two atoms,
that is, the greater the degree of covalent bond formation. If
the bond has a population value larger than 0.5e (charge unit),
it indicates that the bond is more covalent. In LiNa2Y(BO3)2,
RbNa2Y(BO3)2 and RbSrY(BO3)2, electronic population results
show that Y–O bonds have a large population, with the
maximum values of 0.55, 0.55 and 0.57e for LiNa2Y(BO3)2,
RbNa2Y(BO3)2 and RbSrY(BO3)2, respectively (Table S5†).
Especially in RbSrY(BO3)2, the Y(1)–O(1), Y(1)–O(3) and Y(1)–O
(4) all exhibit large population, indicating that there is covalent
interaction between Y and O in YO6 polyhedra, which will have
a significant effect on the optical properties.

(iii) Bonding electron density difference (Δρ) calculation.
To characterize optical anisotropy, the Δρ of Y–O polyhedra
and BO3 was calculated. The results show that the Δρ values of
B(1)O3, B(2)O3 were 11.5, 11.47 × 10−3 for LiNa2Y(BO3)2, 9.23,
17.67 × 10−3 for RbNa2Y(BO3)2 and 10.24, 10.5 × 10−3 for
RbSrY(BO3)2, respectively. The values of Y–O polyhedra were
1.92, 1.9, 7.54 × 10−3 for LiNa2Y(BO3)2, RbNa2Y(BO3)2 and
RbSrY(BO3)2, respectively (Fig. 6b). These indicate that BO3 is
the main source of birefringence properties in these three
compounds. Meanwhile, the contributions of Y–O polyhedra
cannot be ignored, especially in RbSrY(BO3)2, where the YO6

octahedron with strong covalent bonds contributes almost
26.7% to anisotropy. Thus, we infer that the different arrange-
ment of BO3 anion groups and the Y–O polyhedra with strong
covalent bonds caused by the cation substitution play an
important role in the significant difference in birefringence
among LiNa2Y(BO3)2, RbNa2Y(BO3)2 and RbSrY(BO3)2.

Conclusions

In summary, we have successfully synthesized three Y-based
borates with isolated BO3, LiNa2Y(BO3)2, RbNa2Y(BO3)2, and
RbSrY(BO3)2. All these compounds exhibit a short UV cutoff
edge (<190 nm), which holds great promise for applications in
DUV optical materials. The DSC and powder XRD measure-
ment indicate that LiNa2Y(BO3)2 is a congruent melting com-
pound, which favors the growth of a large crystal. IR spectra
confirm the existence of BO3 in their structures. With the sub-
stitution of cations, the birefringence shows an increasing
trend from LiNa2Y(BO3)2 and RbNa2Y(BO3)2 to RbSrY(BO3)2. In
particular, RbSrY(BO3)2 exhibits a large birefringence, ∼4
times that of LiNa2Y(BO3)2, which is rarely reported in rare-
earth borates. Structural analyses and theoretical calculations
indicate that the birefringence difference among these three
compounds can be ascribed to the different arrangement of
BO3 anion groups and the Y–O polyhedra with strong covalent
bonds, which is caused by the cation substitution. The results
demonstrate the potential regulatory effect of cations on bire-
fringence, that is, the substitution of large size and high
coordination cations assembles the arrangement of functional
units and further improves the structural anisotropy, thereby
increasing the birefringence. This work presents an effective
route for designing novel UV/DUV materials with enhanced
birefringence.
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