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Chiral-driven formation of hybrid cyanurates with
large birefringence†
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Ultraviolet (UV) birefringent crystals have important applications in polarizers, optical isolators and optical

information processing. Crystals with large birefringence can enhance the modulation ability of light and

realize the miniaturization of devices. However, the birefringence of cyanurates is often limited by the large

dihedral angles between anionic groups. In this work, a chiral-driven approach is proposed for the first time

to construct cyanurates with large birefringence. We combined racemic or chiral α-methylbenzylamine (α-

MBA) molecules with a π-conjugated cyanurate group (CY), which led to the isolation of three organic

hybrid cyanurates with wide band gaps >5.10 eV, namely, rac-α-MBACY, R-α-MBACY, and S-α-MBACY.

Notably, the presence of chirality leads to a significant reduction of the dihedral angle between the α-MBA

cation and (H2C3N3O3)
− anion and a threefold increase in birefringence from 0.113@546 nm to 0.344@546

nm and 0.338@546 nm. The birefringence values of R-α-MBACY and S-α-MBACY exceed those of most

of the cyanurates and commercial crystals, indicating their potential as UV birefringent crystals. This work

provides new insights into the design and syntheses of UV birefringent materials.

Introduction

Ultraviolet (UV) birefringent crystals are an important class of
optoelectronic functional materials, which have a wide range
of applications in polarization devices, optical isolators and
polarimetric information processing.1–8 The commercially
available birefringent crystals include α-BaB2O4 (Δn =
0.116@1064 nm), MgF2 (Δn = 0.012@400 nm), YVO4 (Δn =
0.208@1064 nm) and CaCO3 (Δn = 0.172@1064 nm).9,10

However, their practical applications are limited by their own
defects, such as phase transition and high anisotropy thermal
expansion problems for α-BaB2O4,

9 an extremely small
birefringence index for MgF2,

10 a narrow transmission range
for YVO4 (ref. 11) and the difficulty to grow high-quality large
single crystals for CaCO3.

12 Therefore, it is still of great
research significance to design and synthesize new
birefringent crystals with excellent optical properties.

The birefringence property of crystals is closely related to
the types and arrangements of their functional groups. To

improve the birefringence, a common means is to introduce
distorted polyhedra of metal cations (Pb2+, Sn2+, Bi3+, Sb3+,
etc.) with stereochemically active lone pairs to enlarge the
optical anisotropy;13–18 however, this strategy is not suitable
for UV birefringent crystals because these cations are prone to
form materials with narrow band gaps. The current research
studies on the design of UV birefringent crystals mainly focus
on the strategy of introducing π-conjugated groups with large
optical anisotropy, such as (NO3)

−, (CO3)
2−, (BO3)

3−, (B3O6)
3−,

(HxC3N3O3)
x−3, etc.19–32 The excellent performance of the well-

known commercial birefringent crystal α-BBO originated from
(B3O6)

3− functional groups. Notably, (HxC3N3O3)
x−3 groups

have a planar π-conjugated structure similar to (B3O6)
3−

groups and possess stronger conjugation, which is beneficial
to induce larger birefringence.33,34 In fact, most of the
reported cyanurates exhibit good birefringence with a wide
UV transmission band, such as KLi(HC3N3O3)·2H2O (Eg = 5.23
eV and Δn = 0.186@514 nm),30 Rb(H3C3N3O3)(NO3) (Eg = 4.98
eV and Δn = 0.224@546.1 nm)35 and Cs3Na(H2C3N3O3)4·3H2O
(Eg = 5.46 eV and Δn = 0.29@514 nm).36 However, in many
crystals, the orientation of cyanurate groups is not always
aligned,29 as those in RbBr(H3C3N3O3)2 with a large dihedral
angle between adjacent cyanurate groups close to 87.9°,
leading to a small birefringence of 0.075@800 nm.37

Therefore, it is of great value to explore new methods for
regulating the orientations of cyanurate groups.

In recent years, chiral organic cations have emerged as
promising candidate groups for second-order nonlinear
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optics and spintronic devices due to their high possibility to
form chiral structures.38–47 For example, Zou and Lin
obtained (L-ipp)(L-pro)PbI3 with a SHG intensity of up to 8×
KH2PO4 (KDP) by using an in situ chiral templating
method.42 Xu et al. proposed a resonant pathway from metal
halide polyhedra to the charge-transfer excited states of chiral
organic ligands and obtained (C7H10N)PbBr3 with over 111×
KDP frequency doubling intensity.45 In contrast to their wide
applications in nonlinear optical materials, chiral organic
cations received less research attention in the field of
birefringence. However, the high birefringence exhibited by
certain compounds, such as R/S-[(C8H10NO3)2]Sn(IV)F6
(0.328@546.1 nm),48 has drawn attention to the potential
applications of these chiral organic cations. Considering the
helical arrangement of chiral cations in some metal
halides,45,49–51 partially π-conjugated chiral cations may have
the potential to modulate the dihedral angles between
π-conjugated groups and thus adjust the birefringence.

In this work, different isomers of the
α-methylbenzylamine (α-MBA) molecule were introduced into
the cyanurate system, which led to the isolation of three
novel metal-free cyanurates, namely, (rac-α-C8H12N)
(H2C3N3O3) (rac-α-MBACY), (R-α-C8H12N)(H2C3N3O3) (R-α-
MBACY) and (S-α-C8H12N)(H2C3N3O3) (S-α-MBACY). The
presence of chirality induces a decrease of the dihedral angle
between the α-MBA cation and (H2C3N3O3)

− anion and a large
increase in the birefringence from 0.113@546 nm for rac-α-
MBACY to 0.344@546 nm for R-α-MBACY and 0.338@546 nm
for S-α-MBACY. In addition, all three compounds have large
band gaps. Herein, we report their syntheses, crystal
structures and optical properties.

Experimental section
Reagents

H3C3N3O3 (Aladdin ≥99.0%), NaCl (Adamas 99.999%), (R)-(−)-
alpha-methylbenzylamine (Adamas, ≥99.0%) and (S)-(+)-
alpha-methylbenzylamine (Adamas, ≥99.0%) were used as
received without further purification.

Syntheses

Single crystals of rac-α-MBACY, R-α-MBACY and S-α-MBACY
were synthesized by hydrothermal methods. With NaCl
(0.058 g, 1 mmol) as the mineralizer, an equal mixture of (R)-
(−)-alpha-methylbenzylamine and (S)-(+)-alpha-
methylbenzylamine (0.5 mL)/(R)-(−)-alpha-methylbenzylamine
(0.5 mL, 3.9 mmol)/(S)-(+)-alpha-methylbenzylamine (0.5 mL,
3.9 mmol) was added to 5 mL deionized water containing
H3C3N3O3 (0.129 g, 0.5 mmol), respectively. Then, the
resultant mixture was transferred to a 23 mL Teflon autoclave
and heated to 90 °C within 1 h, kept at 90 °C for 5 days, and
finally cooled down naturally to room temperature. After
filtration, colourless prismatic crystals of rac-α-MBACY, R-α-
MBACY and S-α-MBACY were collected in a yield of 40%,
60% and 50% (based on H3C3N3O3), respectively. As shown
in Fig. S2,† the powder XRD patterns of all compounds match

with the calculated ones, proving that the pure phases were
obtained.

Single-crystal structure determination

X-ray diffraction data of rac-α-MBACY, R-α-MBACY and S-α-
MBACY were collected on a Rigaku Oxford Diffraction XtaLAB
Synergy-R diffractometer at 293 K using a graphite
monochromatic Cu Kα radiation source (λ = 1.54184 Å). Data
reductions were performed using CrysAlisPro software and
the absorption corrections were applied using a multi-scan
approach. The three structures were determined by direct
methods using Olex2-1.5 software as a graphical interface,
the ShelXT 2018/2 program as a solution program and
refined with the ShelXL 2018/3 program by full-matrix least-
squares fitting on F2.52–54 All non-hydrogen atoms were
refined with anisotropic thermal parameters. All of the
hydrogen atoms associated with organic cations and
cyanurates were placed at the geometrically calculated
positions and refined with isotropic thermal parameters. The
program PLATON was used to check for possible missing
symmetries in all compounds, but none were found.55 The
crystal data and structural refinement information for all
compounds are summarized in Table 1, and the atomic
coordinates and equivalent isotropic displacement
parameters, selected bond lengths, and hydrogen bonds are
listed in Tables S1–S3.†

Powder X-ray diffraction

Powder X-ray diffraction (PXRD) patterns of all three samples
were collected in the 2θ range of 5–60° using a Rigaku
Miniflex 600 X-ray diffractometer with graphite-
monochromate Cu Kα radiation (λ = 1.54186 Å).

Thermal analysis

Thermogravimetric analyses (TGA) were performed on a
NETZCH STA 449F3 thermal analyser under a nitrogen
atmosphere in the temperature range of 293–800 K at a
heating rate of 15 K min−1.

Spectroscopic measurements

Infrared (IR) spectra with a resolution of 2 cm−1 were
obtained in the range of 4000–400 cm−1 using a Nicolet
Magna 750 FT-IR spectrometer with air as the background.
UV-vis-NIR spectra were acquired in the 200 to 1500 nm
range utilizing a PerkinElmer Lambda 950 UV-vis-NIR
spectrophotometer, with BaSO4 serving as the 100%
reflectance reference.

Birefringence measurements

The birefringence of rac-α-MBACY and R-α-MBACY was
assessed using a Zeiss Axio A1 polarizing microscope
equipped with a Berek compensator, under a light source at λ
= 546 nm. The formula for calculating the birefringence Δn
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is: R = Δn × d (R represents the optical path difference and d
represents the thickness).

Second-harmonic generation measurements

Second-harmonic generation (SHG) measurements of R-α-
MBACY and S-α-MBACY were conducted utilizing a
Q-switched Nd:YAG laser with a wavelength of 1064 nm,
employing the Kurtz and Perry method.56 The particle size of
the samples ranged from 70 to 100 mesh, with KDP samples
of equivalent particle sizes selected as reference points.

Computational description

The electronic structure and optical properties of all three
compounds were calculated by the first-principles plane
wave pseudopotential method with density functional
theory (DFT) and GGA-PBE exchange–correlation functional,
which were implemented by the total energy code

CASTEP.57–59 The interaction between nuclei and electrons
was described by norm conservation pseudopotentials.60

The selection of plane-wave basis sets for the three
compounds was dictated by a cutoff energy of 750 eV and
a Monkhorst–Pack k-point sampling of 4 × 4 × 2. The
calculations considered the C-2s22p2, N-2s22p3, O-2s22p4,
and H-1s1 orbital electrons as the valence electrons. The
electronic band structure underwent the scissor correction,
while the imaginary part of the dielectric function was
determined by electron transitions from the valence band
(VB) to the conduction band (CB). The real part of the
dielectric function was obtained through the Kramers–
Kronig transformation. Subsequently, the refractive index
was derived, and the birefringence Δn was calculated as the
difference between the maximum and minimum refractive
indices. The default values of the CASTEP code were
employed for all other calculation parameters and
convergence criteria.

Table 1 Crystal data and structure refinements for rac-α-MBACY, R-α-MBACY and S-α-MBACY

rac-α-MBACY R-α-MBACY S-α-MBACY

Formula C11H14N4O3 C11H14N4O3 C11H14N4O3

Formula weight 250.26 250.26 250.26
Temperature/K 293(2) 293(2) 293(2)
Crystal system Monoclinic Monoclinic Monoclinic
Space group P21/c P21 P21
a/Å 15.9636(3) 7.84010(10) 7.84020(10)
b/Å 6.64630(10) 12.40940(10) 12.41110(10)
c/Å 11.5269(2) 12.46850(10) 12.47300(10)
α/° 90 90 90
β/° 98.410(2) 96.7100(10) 96.7460(10)
γ/° 90 90 90
Volume/Å3 1209.84(4) 1204.76(2) 1205.29(2)
Z 4 4 4
Dc (g cm3) 1.374 1.38 1.379
μ/mm−1 0.86 0.864 0.864
λ/Å Cu Kα Cu Kα Cu Kα
GOF on F2 1.066 1.049 1.056
Flack factor None −0.03(15) −0.01(7)
R1, wR2 [I > 2σ(I)] 0.0380, 0.1038 0.0388, 0.1042 0.0329, 0.0907
R1, wR2 (all data) 0.0437, 0.1089 0.0416, 0.1070 0.0336, 0.0915

R1 =
P

||Fo| − |Fc||/
P

|Fo| and wR2 = {
P

[w(Fo
2 − Fc

2)2]/
P

[wFo
2]2}1/2.

Fig. 1 View of the crystal structure of rac-α-MBACY down the b axis (a) and a single hydrogen-bonded layer in rac-α-MBACY (b). Hydrogen bonds
are drawn as dashed lines.
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Results and discussion
Crystal structure descriptions

rac-α-MBACY crystallizes in the centrosymmetric monoclinic
space group P21/c (no. 14), and it shows obvious double
hydrogen-bonded layer characteristics (Fig. 1a). Its
asymmetric unit consists of a R-α-MBA cation and a
(H2C3N3O3)

− group, which forms a [(R-α-C8H12N)(S-α-C8H12N)
(H2C3N3O3)2] dimeric unit under the symmetry operation of
the c glide plane. The α-MBA cation exhibits a dihedral angle
of 73.896° relative to the (H2C3N3O3)

− group; hence, they are
not aligned. The lengths of C–O, C–N, and C–C bonds in the
structure are 1.2216(15)–1.2436(14) Å, 1.3407(14)–1.4978(16)
Å, and 1.359(3)–1.520(2) Å, respectively, all within the
reasonable bond length range.

The NH3 groups of the α-C8H12N cations and cyanurate
anions are interconnected via hydrogen bonds (N–H⋯N and
N–H⋯O) (Table S3†), forming a 2D layer in the bc-plane
(Fig. 1b), and two such layers are further held together via
hydrogen bonds into a thick double layer (Fig. S3†) with the
organic rings of the cations hanging on both sides of the
double layer. The neighboring aromatic rings are at least 4.0
Å away from each other; hence, their π–π stacking
interactions are expected to be weak. These 2D layers are
held together by van der Waals interactions into a 3D
supramolecular structure (Fig. 1a).

Both R-α-MBACY and S-α-MBACY crystallize in the non-
centrosymmetric (NCS) monoclinic space group P21 (no. 4).
Considering the similarity of R-α-MBACY and S-α-MBACY
structures, only the structure of R-α-MBACY is described as a
representative. The basic structural unit of R-α-MBACY
consists of two unique R-α-MBA chiral cations and two
unique (H2C3N3O3)

− groups, which are interconnected by the
hydrogen bonds (N(7)–H(7A)⋯N(3), N(7)–H(7B)⋯O(6), N(8)–
H(8A)⋯O(3), and N(8)–H(8B)⋯O(6) Table S3†) to form a 2D
layer parallel to the (101̄) plane (Fig. 2b) with the organic
groups of the R-α-MBA hanging on both sides of the layer.
The bond lengths of C–O, C–N, and C–C are 1.229(3)–1.251(3)

Å, 1.333(4)–1.499(4) Å, and 1.338(9)–1.514(5) Å, respectively.
These values are close to those in rac-α-MBACY.

The two different R-α-MBA cations are not coplanar but
exhibit a dihedral angle in the range of 4.9–16.9°, and the
dihedral angle between the two unique cyanurate anions is
in the range of 9.2–19.8°; hence, they are also not well-
aligned. The dihedral angles between R-α-MBA cations and
cyanurate anions are in the range of 11.4–26.2°, being much
smaller than those in rac-α-MBACY, which is favourable to
generate a larger birefringence. Furthermore, there exists π–π

stacking interactions between R-α-MBA cations and
(H2C3N3O3)

− groups with the shortest inter-ring distance of
3.717 Å. Hence, these hydrogen-bonded 2D layers are held
together by π–π stacking interactions and van der Waals
forces into a 3D super-molecular network (Fig. 2a). In Fig. 3,
a similar helical arrangement of α-MBA cations along the
(H2C3N3O3)

− chains can be observed as in some chiral metal
halides.45,49–51

It is interesting to note that the chiral organic amine plays
an important role in the arrangements of the organic amine
and cyanurate anions and the optical properties of the
materials formed. The protonated chiral organic amine acts
as the structural direct agent. rac-α-MBACY, R-α-MBACY, and
S-α-MBACY were isolated under similar reaction conditions
except for the different chiralities of the organic amine.
When racemic α-MBA was used, the material isolated rac-α-
MBACY is structurally centrosymmetric, and the amine
groups of the α-MBA and cyanurate anions formed a
hydrogen-bonded 2D layer in which the organic rings are
almost perpendicular to the 2D layer; hence, the α-MBA and
CY groups are not coplanar and unable to produce a large
anisotropy. Therefore, it is expected that rac-α-MBACY will
display a small birefringence. When only R-α-MBA or S-α-
MBA was used, the materials formed R-α-MBACY and S-α-
MBACY are chiral, and the amine groups of α-MBA and
cyanurate anions also form a hydrogen bonded 2D layer.
However, the organic rings of the α-MBA form a much
smaller dihedral angle with cyanurate groups, and hence,

Fig. 2 View of the crystal structure of R-α-MBACY down the b axis (a) and a hydrogen-bonded layer formed by the –NH3 groups of the R-α-MBA
and cyanurate anions parallel to the (101̄) plane (b). Hydrogen bonds are drawn as dashed lines.

CrystEngComm Paper

Pu
bl

is
he

d 
on

 2
0 

N
ov

em
be

r 
20

24
. D

ow
nl

oa
de

d 
on

 5
/2

1/
20

25
 6

:3
0:

48
 P

M
. 

View Article Online

https://doi.org/10.1039/d4ce01123f


34 | CrystEngComm, 2025, 27, 30–37 This journal is © The Royal Society of Chemistry 2025

both kinds of organic groups are able to produce a large
anisotropy; hence, the birefringence values of R-α-MBACY
and S-α-MBACY are expected to be much larger than that of
rac-α-MBACY, as will be confirmed by our experimental
measurements, which will be discussed later.

Thermal analysis

As thermodynamic properties are independent of the
compound's configuration, we conducted thermogravimetric
analysis (TGA) on rac-α-MBACY and R-α-MBACY. The results
showed that rac-α-MBACY and R-α-MBACY exhibited the
same thermal stability and thermal behaviour under a N2

atmosphere (Fig. S4†), and they are stable up to 392 K and
396 K, respectively. Then, both of them experienced two main
mass loss steps. The first mass losses are 47.8% (cal. 48.4%)
and 48.3% (cal. 48.4%) in the range of 392–456 K and 396–
459 K, corresponding to the release of the α-MBA groups,
and the second mass losses are 51.1% (cal. 51.6%) and
51.3% (cal. 51.6%) in the temperature ranges of 563–663 K
and 571–679 K, which can be attributed to the decomposition
of the (H2C3N3O3)

− groups. The decomposition temperature

of the (H2C3N3O3)
− groups coincides with that of cyanuric

acid.

IR and UV-vis-NIR spectra

As shown in Fig. S5,† rac-α-MBACY, R-α-MBACY and S-α-
MBACY showed similar IR fingerprints. The absorption peaks
in the range of 900–400 cm−1 can be attributed to the overlap
of the bending vibration of the (H2C3N3O3)

− group with the
benzene ring, while the absorption peaks in the range oft
1400–900 cm−1 are due to the stretching vibration of C–N
bonds and the bending vibration of the N–H bond and C–H
bond. The absorption peaks in the range of 1750–1400 cm−1

can be attributed to the overlap of the stretching vibration of
(H2C3N3O3)

− and the bending vibration of the N–H bond of
α-MBA; besides, the absorption peaks in the range from 3200
to 2900 cm−1 were assigned to the stretching vibrations of N–
H, C–H and hydrogen bonds. The assignment of these
vibrational peaks is basically consistent with those reported
for compounds.31,61–65

The UV-vis-NIR diffuse reflectance spectra of all three
compounds were measured, and the results are shown in
Fig. 4. It can be seen that the band gaps of the three
compounds are 5.34 eV, 5.12 eV and 5.25 eV, and the
corresponding ultraviolet cut-off edges are 214 nm, 212 nm
and 220 nm, which indicate that they all have high
transmittance in the ultraviolet waveband. Notably, the band
gaps of the three compounds are comparable to most of the
alkali metal and alkaline earth metal cyanurates reported,
such as KLi(HC3N3O3)·2H2O (5.23 eV),30 Rb(H3C3N3O3)(NO3)
(4.98 eV)35 and Cs3Na(H2C3N3O3)4·3H2O (5.46 eV).36 This
verifies that organic cations may have a positive role in the
band gap elevation of cyanurates as in alkali and alkaline
earth metals.

Second-harmonic generation measurements

R-α-MBACY and S-α-MBACY crystallized in the NCS P21 (no.
4) space group. Both crystals exhibited SHG signals of 0.2×
KDP at 1064 nm laser irradiation with a particle size range of
70–100 mesh (Fig. S6†), which indicated that the presence of
chiral cations in the cyanurates is very likely to form
materials with chiral and NCS structures. Notably, R-α-

Fig. 3 Schematic diagram of the helical arrangement of α-MBA
around the (H2C3N3O3)

− chains in R-α-MBACY.

Fig. 4 The UV-vis-NIR diffuse reflectance spectra of rac-α-MBACY (a), R-α-MBACY (b) and S-α-MBACY (c).

CrystEngCommPaper

Pu
bl

is
he

d 
on

 2
0 

N
ov

em
be

r 
20

24
. D

ow
nl

oa
de

d 
on

 5
/2

1/
20

25
 6

:3
0:

48
 P

M
. 

View Article Online

https://doi.org/10.1039/d4ce01123f


CrystEngComm, 2025, 27, 30–37 | 35This journal is © The Royal Society of Chemistry 2025

MBACY and S-α-MBACY are the first reported metal-free
cyanurates with SHG responses.

Birefringence measurements

The birefringence of rac-α-MBACY, R-α-MBACY and S-α-MBACY
was measured by using polarizing microscopy (Fig. 5). The
measured optical path differences for the three crystals are
1365.31 nm, 2835.75 nm and 7381.03 nm, respectively, with
corresponding thicknesses of 10.95 μm, 8.76 μm and 23.92 μm.
According to the formula R = Δn × d, the experimental
birefringence values of rac-α-MBACY, R-α-MBACY and S-α-
MBACY at 546 nm are 0.125, 0.324 and 0.309, respectively. The
experimental birefringence values of R-α-MBACY and S-α-
MBACY are larger than those of many of the reported
cyanurates, e.g. KLi(HC3N3O3)·2H2O (Δn = 0.186@514 nm),30

Rb(H3C3N3O3)(NO3) (Δn = 0.224@546.1 nm)35 and Cs3Na(H2C3-
N3O3)4·3H2O (Δn = 0.29@514 nm),36 so R-α-MBACY and S-α-
MBACY are potential UV birefringent crystals.

Theoretical calculations

To further investigate the structure–property relationship of
rac-α-MBACY, R-α-MBACY and S-α-MBACY, we performed
first principles calculations based on density functional
theory. As shown in Fig. S7,† the calculated band structure
diagrams indicate that the band gaps of the three
compounds are 4.00 eV, 4.32 eV and 4.32 eV respectively,
which are indirect band gaps, and R-α-MBACY and S-α-
MBACY exhibit the same band structure characteristics. The
partial density of states diagram revealed that the valence
band top and conduction band bottom of the three
compounds are both composed of α-MBA cations with
(H2C3N3O3)

−, which indicates that the large band gap of the
three compounds is determined by both α-MBA cations and
(H2C3N3O3)

− (Fig. S8†). Due to the limitations of the GGA
method, the calculated band gaps are all smaller than the
experimental values. For a more accurate calculation of the

birefringence, the scissor values of 1.34 eV, 0.83 eV, and 0.93
eV were used for rac-α-MBACY, R-α-MBACY and S-α-MBACY,
respectively. As shown in Fig. 6, the calculated birefringence
of rac-α-MBACY and R-α-MBACY at 546 nm is 0.113 and
0.344, respectively, which agree well with the experimental
data. Meanwhile, the calculated birefringence of S-α-MBACY
at 546 nm is 0.338, which is basically close to that of R-α-
MBACY, indicating that the opposite chiral α-MBA cationic
configuration does not change the birefringence magnitude
of cyanurate. The integrated optical performances of R-α-
MBACY and S-α-MBACY were quantified using the
birefringent quality factor (BQF = Eg × Δn),66 and the results
indicated that the BQF values of R-α-MBACY and S-α-MBACY
exceeded those of most commercial birefringent crystals and
cyanurates reported (Fig. 6d).

The electron localization function (ELF) map can be used
to characterize the degree of the electron localization and can
reflect the distribution of the electron cloud, allowing a
qualitative examination of the anisotropy of the electron
cloud in a crystal, which is closely related to the
birefringence. From the ELF diagrams in Fig. 7, it can be
observed that the electron density is primarily concentrated

Fig. 5 Experimental birefringence at 546 nm for rac-α-MBACY (a),
R-α-MBACY (b) and S-α-MBACY (c).

Fig. 6 The calculated birefringence of rac-α-MBACY (a), R-α-MBACY
(b) and S-α-MBACY (c). Comparison of BQF values of some
birefringent cyanurates and commercial birefringent crystals at 514–
550 nm (d).

Fig. 7 The electron localization function diagrams of rac-α-MBACY (a)
and R-α-MBACY (b).
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within the planes of the (H2C3N3O3)
− groups and the benzene

rings, with a very sparse electron density distribution
perpendicular to the planes. This great contrast highlights
the pronounced anisotropy of the compounds. The dihedral
angles between the intergroup electron clouds are smaller in
R-α-MBACY than in rac-α-MBACY, which allows them to be
nearly aligned along the same plane, favorable to produce
large birefringence. Therefore, the large birefringence of R-α-
MBACY originates from the favorable alignments of chiral
α-MBA cations and (H2C3N3O3)

− groups.

Conclusions

In conclusion, by adopting a chirality-driven approach, chiral
cations were introduced into the cyanurate group system for
the first time and three new birefringent materials with large
band gaps, rac-α-MBACY, R-α-MBACY, and S-α-MBACY, were
isolated. The existence of chirality dramatically decreases the
dihedral angle between the α-MBA cation and (H2C3N3O3)

−

anion, producing three times enhancement of the
birefringence. First principles calculations indicate that their
birefringence properties originate from the favorable
alignment of α-MBA cations and (H2C3N3O3)

− groups. This
work shows that the introduction of chiral organic cations is
an effective route to explore new UV birefringent cyanurate
crystals.
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