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Molecular pseudo-halogen engineering enables
remarkable birefringence enhancement in hybrid
perovskites
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Hybrid perovskites have emerged as promising candidates for birefringent crystals due to their structural
diversity. Conventional strategies to enhance birefringence often rely on incorporating highly
n-conjugated organic components; however, it remains challenging to achieve both high birefringence
(>0.3) and large single crystal growth. Herein, we present a pseudo-halogen engineering method that also
enables giant birefringence enhancement. By substituting halogen ClI” with polar pseudo-halogen
(SCN)~, we designed and synthesized a one-dimensional hybrid perovskite, namely (CgN,H15)Cd(SCN)s3,
which exhibits a high birefringence of Aney, = 0.37@550 nm, more than 12 times that of isostructural
(CeN2H16)Cd2Cl2H50 (Aneyp = 0.03@550 nm). This birefringence value not only surpasses those of all
commercial birefringent crystals, but also is even higher than those of many hybrid perovskites composed
of m-conjugated cations. Moreover, large single crystals of (CeN2H15)Cd(SCN)3 were readily grown by the
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facile evaporation method. First-principles calculations reveal that the remarkable birefringence enhance-
ment originates from a tens-of-times increase in polarizability anisotropy of the distorted Cd(SCN)g octa-
hedra compared to their CdCls:H,O counterparts. This work provides a novel molecular-level strategy
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1. Introduction

When light passes through an optically anisotropic crystal, it
splits into two distinct rays, which are orthogonally polarized and
travel at different speeds, namely, the ordinary and extraordinary
rays." This phenomenon enables birefringent crystals to modu-
late polarized light, making them indispensable in various polar-
ized optical devices, such as polarizers, wave plates, mirrors,
phase compensators, etc.*® High birefringence is highly desir-
able, as it allows for the fabrication of more compact and
efficient devices.” From the viewpoint of practical applications,
it is also critical that large single crystals of these materials are
easy to grow.'” However, commercial birefringent crystals have
long been limited to inorganic oxides and fluorides, which typi-
cally exhibit relatively small birefringence,"" " such as MgF,
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towards designing high-performance birefringent crystals for polarized optics.

(0.011@532 nm)," LiNbO; (0.074@546 nm),"> «a-BaB,O,
(0.122@532 nm),"” CaCO; (0.172@532 nm),"* and YVO,
(0.209@532 nm)."> Moreover, it remains difficult to grow pure
single crystals for some materials, like CaCOj;. These limitations
have spurred the necessity to explore new birefringent crystals
with superior comprehensive properties.

Recently, hybrid perovskites have emerged as promising
candidates for birefringent crystals due to their rich structural
diversity.>'”' To enhance the birefringence, researchers have
explored various strategies, one of which involves applying
external thermal stimuli to induce structural phase transitions.
However, the amplitude of birefringence enhancement by such
physical means is relatively limited. For example, Sun et al.
synthesized a two-dimensional (2D) tri-layered hybrid perovs-
kite, namely (CH3;NHj;),[(CH;),CH(CH,),NH;],Pb;Cl,o, whose
in-plane birefringence slightly improved from Ane, = 0 to
Aney, = 0.01@546 nm upon cooling.'®

It is widely acknowledged that macroscopic birefringence is
strongly correlated with the polarizability anisotropy of crystal
structures. On this basis, the other common effective strategies
involve chemical modification, that is, introducing highly delo-
calized n-conjugated cations with inherent anisotropy of polar-
izability between the in-plane and out-of-plane directions.'”**
In 2022, our group reported a new 2D layered hybrid perovs-
kite, (C3NgHg)PbBr,, via the introduction of r-conjugated
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organic cations (C3NgHg)"."” This birefringent crystal has a
high birefringence of 0.322@550 nm, mainly attributed to
n-conjugated (C3NgHg)". Although such large r-conjugated
cations can significantly enhance the birefringence, the resul-
tant birefringent crystals are typically limited to micron-scale
sizes, seriously hindering their practical applications.

In this work, by employing a non-r-conjugated, cheap organic
component, N,N-dimethylpiperazine, we successfully synthesized
and reported two novel hybrid perovskites, namely (C¢N,H;)
Cd,Cls-2H,0 and (C¢N,H;5)Cd(SCN);, which feature similar 1D
[CdCl;-H,0]. and [CA(SCN);],, perovskite chains, constructed by
CdCl;-H,0 and distorted Cd(SCN)s octahedra. Interestingly, there
is a distinct birefringence gap between (C¢N,H;¢)Cd,Cls-2H,0
(Aneq, = 0.03@550 nm) and (CeN,H;5)Cd(SCN); (Afey, =
0.37@550 nm), respectively. In other words, the birefringence has
been improved by more than 12 times via the chemical substi-
tution of halogen Cl™ ions with polar pseudo-halogen thiocya-
nide. The transparent crystal of (CsN,H;5)Cd(SCN); with dimen-
sions up to 17 x 4 x 2 mm® has been successfully grown.
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X
X

View Article Online

Inorganic Chemistry Frontiers

2. Results and discussion

Polycrystalline samples of (CeNyH;6)Cd,Cls-2H,0 and
(CeNH;5)Cd(SCN); were synthesized by the facile solution
method. Large single crystals of (C¢N,H;5)Cd(SCN); were suc-
cessfully grown by slow evaporation from its solution (Fig. S1).
Their phase purities were confirmed by powder X-ray diffrac-
tion (XRD) analysis, as demonstrated in Fig. S2, in which
experimental patterns match well with the simulated ones.
Besides, the powder XRD patterns of (Ce¢N,H;5)Cd(SCN);
remained highly consistent over time (Fig. S3) even after a
month of air exposure, indicating that (C¢N,H;5)Cd(SCN); has
good air stability.

Single-crystal XRD analysis revealed that both (C¢N,H;e)
Cd,Cls-2H,0 and (C¢N,H;5)Cd(SCN); crystallize in the mono-
clinic space group P2,/c (no. 14) (see detailed crystallographic
information listed in Tables S1-S5). As shown in Fig. 1a and b,
in both compounds, central Cd*" ions exhibit similar octa-
hedral coordination environments. In (C¢N,H;)Cd,Cls-2H,0,

d cd 3d 405.4 eV S2p 162.5 eV C1s 284.8 eV N1s 40556V
Cd 3dsp, S 2py, 286.8 eV C-C N-C

= 4122 eV = ey CN .

> 5 d =

o Cd 3dy, % 163.7 eV S s

> “ﬁ S 2p,, 2 >

B = N ] 5

5 2 8 3 398.5 eV
g < = 288.9 eV = 401.9eV sCN

SCN N-H
. : : : I A —— , , :
416 412 408 404 168 166 164 162 160 292 290 288 286 284 282 408 404 400 396

Binding Energy (eV)

Binding Energy (eV)

Binding Energy (eV)

Binding Energy (eV)

Fig. 1 Structural and compositional analyses of (CgN2H16)Cd,Clg-2H,0 and (CgN2H15)Cd(SCN)s. (a) The crystal structure of (CgN,H16)Cd,Clg-2H,0
viewed along the b-axis. (b) The crystal structure of (CgN,H;5)Cd(SCN); viewed along the c-axis. (c) Scanning electron microscopy elemental
mapping for (CgN,H15)Cd(SCN)s. (d) XPS fine spectra for Cd 3d, S 2p, C 1s, and N 1s in (CgN;H;5)Cd(SCN)3.
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each Cd*" is coordinated by one H,O and five CI~, forming
CdCl5-H,0 octahedra (Fig. S4), while in (C¢N,H;5)Cd(SCN);,
six (SCN)~ ligands coordinate with Cd*" to form twisted Cd
(SCN)s octahedra (Fig. S4). These octahedra are further inter-
connected with each other to construct similar 1D perovskite
frameworks of [Cd(SCN);]., and (CdCl;-H,0),, chains (Fig. 1a
and b). The organic N,N-dimethylpiperazine cations reside
between the infinite (CdCl;-H,0), and [Cd(SCN);],, chains,
keeping the overall structural balance. In (CeN,H;e)
Cd,Cls-2H,0, Cd-Cl bonds fall in the length range of 2.5640
(6)-2.6622(6) A, and Cd-O bond lengths are 2.4265(16) A
(Table S4). Similarly, in (CeN,H;5)Cd(SCN);, Cd-S bond
lengths fall in the range of 2.6453(6) A to 2.8280(6) A, and Cd-
N bond distances vary between 2.2450(2) A and 2.3636(19) A
(Table S4). In addition, (SCN)~ ligands adopt an almost linear
geometry with angles ranging from 177.9(2)° to 179.7(2)°
(Table S5). According to previous reports, all these bond
lengths and bond angles are reasonable.”*** Notably, in the
crystal structure of (C¢N,H,;5)Cd(SCN);, the (SCN)~ ligands
basically align along the c¢-axis, which means it should exhibit
larger optical anisotropy along the ¢ axis than that along the
a-axis and b-axis. This structural arrangement is beneficial for
large birefringence. Moreover, [Cd(SCN);], chains realize basi-
cally an optimal parallel arrangement, further improving the
overall birefringence performance of (C¢N,H;5)Cd(SCN);.

Energy dispersive X-ray spectroscopy mapping confirms the
expected composition and uniform distribution within the
crystal (Fig. 1c and Fig. S5 and 6). In addition, X-ray photo-
electron spectroscopy (XPS) was further employed to investi-
gate the chemical composition of (CeN,H,5)Cd(SCN); (Fig. S7
and Fig. 1d), in which C 1s, N 1s, S 2p, and Cd 3d signals were
clearly observed. The fine XPS spectrum of Cd 3d exhibits two
peaks at approximately 412.2 eV and 405.4 eV, which corres-
pond to Cd 3ds,, and Cd 3ds,,, respectively.>* In the fine spec-
trum of S 2p, there are two major peaks at about 162.5 eV and
163.7 eV, coming from 2p;/, and 2p;,,.>> As for the C 1s spec-
trum, the peak at 284.8 eV belongs to C-C from the adventi-
tious C. The other peaks at 286.8 eV and 288.9 eV derive from
the C of the organic cation N,N-dimethylpiperazine and C of
(SCN)™.>° The fine spectrum of N 1s contains three peaks at
398.5 eV, 401.9 eV, and 405.4 eV, in which the strongest peak
at 405.4 eV is related to C-N. Other binding energies located at
398.5 eV and 401.9 eV are attributed to the N of (SCN)~ and N-
H bonding.>® Fourier transform infrared spectroscopy (FTIR)
and Raman spectroscopy of (CeN,H;6)Cd,Cls:2H,0 and
(CeNyH;5)Cd(SCN); were conducted in the spectral range
between 4000 and 400 cm™" (Fig. S8 and S9). Some strong and
sharp peaks corresponding to characteristic bending and
stretching vibrations of the organic cation N,N-dimethyl-
piperazine could be observed. In addition, the sharp absorp-
tion signals at about 2098/2121 cm™" in FTIR spectroscopy and
2099/2122 cm™' in Raman spectroscopy correspond to
vibrations of (SCN)~.>¢

The thermal properties of (CeNyH;6)Cd,Cls-2H,O and
(CeN,H;5)Cd(SCN); were analyzed using differential thermal
and thermogravimetric analyses (Fig. S10), which show that
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(CeN,H;5)Cd(SCN); remains thermally stable up to 519 K,
whereas (C¢N,H;6)Cd,Cls-2H,0 exhibits lower thermal stability
of about 373 K. The UV-visible-near-infrared diffuse reflectance
spectra of (C¢N,H;6)Cd,Clg-2H,0 and (Ce¢N,H;5)Cd(SCN); were
recorded from 200 nm to 800 nm, respectively (Fig. S11). Based
on the Kubelka-Munk function,®” the calculated absorption
data indicate that the bandgap of (CeN,H;6)Cd,Cls-2H,0 is
about 4.38 eV, while that of (C¢N,H;5)Cd(SCN); is about 3.69 eV.

To investigate the structural anisotropic characteristics of
(CeNH;5)Cd(SCN);, angle-resolved polarized Raman spec-
troscopy (ARPRS) was performed, whose measurement sche-
matic diagram is illustrated in Fig. 2a. The incident laser was
initially polarized using the linear polarizer, while a half-wave
plate was then introduced into the shared optical path to
adjust the polarization directions. The intensity of Raman
vibrations follows the relation:

I o< |ej X R x e

where R is the Raman tensor, and e; and e represent the unit
polarization vectors of the incident and scattered signal,
respectively. Given that (C¢N,H;5)Cd(SCN); crystallizes in the
monoclinic space group P2,/c (no. 14), only the A, and B,
vibrational modes contribute to Raman activities. Their
respective Raman tensors are expressed as:>®

b 0 d
R(A;)=[0 ¢ O
|d 0 a]
0 f o
R(Bg)=|[f 0 e
L0 e 0]

Accordingly, the intensities of Raman vibrations on the
(010) plane in the parallel and perpendicular polarization con-
figurations for (C¢N,H;5)Cd(SCN); can be described by:*°

I(A,||) oc dsin 20+ (a— b)sin® @+ b
I(B,]]) o< 0

I(A, L) oc 2d cos 20 + (a — b)sin 26
I(B, 1) o< 0

Herein the 6 denotes the angle between the b-axis and the
polarization direction of the incident light.

Fig. 2b and c display the 2D false-color contour ARPRS
maps of (C¢N,H;5)Cd(SCN); under parallel and perpendicular
polarization configurations, as rotation angles change from 0°
to 360°. The observed periodic changes of Raman vibrations
reflect the strongly anisotropic nature of molecular vibrations
in (C¢N,H;5)Cd(SCN);. Fig. 2d and e depict the polar plots
showing polarization-resolved intensity variation of the Raman
mode intensity at 2096 cm . In both polarization configur-
ations, this peak exhibits a characteristic two-lobed shape,
agreeing well with the theoretical expressions.
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Fig. 2 The anisotropic investigation of (C¢N,H15)Cd(SCN)s. (a) The schematic diagram of ARPRS measurement. 2D contour color maps of polarized
Raman intensity under (b) parallel- and (c) perpendicular-polarization configurations for (CgN,H;5)Cd(SCN);. The polar plots showing polarized
Raman intensity at 2096 cm™ under (d) parallel- and (e) perpendicular-polarization configurations for (CgN,H15)Cd(SCN)s. (f) The normalized fitted
polar plots showing the relationship between the transmitted light intensity and the rotation angle. (g) Transmitted images under cross polarized

light in increments of 15° from 0° to 165° for (CgN,H15)Cd(SCN)s.

To reveal the anisotropic optical behavior of (CsN,H;e)
Cd,Clg-2H,0 and (CgN,H;5)Cd(SCN);, we further carried out
polarization-resolved optical microscopy measurement. As
shown in Fig. 2g and Fig. S12, the brightness changes period-
ically every 45° with the rotation of both tested single crystals.
This phenomenon is consistent with the normalized fitted
polar plots showing the relationship between the transmitted
light intensity and the rotation angle (Fig. 2f), which clearly
displays the in-plane optical anisotropy for the refraction of
both structures.

The schematic diagram of the orthogonally polarized
microscope is illustrated in Fig. 3a. When a beam of light
passes through an optically anisotropic crystal along the non-
optical-axis direction, it splits into two orthogonally polarized
beams: the ordinary ray (o-ray) and the extraordinary ray
(e-ray). These two beams exhibit different refractive indices
due to the crystal’s anisotropy, thereby generating birefrin-
gence. As shown in Fig. 3b and e, the original interference
color of (CsN,H;6)Cd,Clg-2H,0 and (C¢N,H;5)Cd(SCN); is first-
order blue and third-order pink under the orthogonally polar-
ized light, respectively, corresponding to the optical path

4312 | Inorg. Chem. Front, 2026, 13, 4309-4317

difference of 0.60 pm and 1.54 pm. Both the measured single
crystals could achieve complete extinction by using a Berek
compensator when rotated clockwise and counterclockwise
(Fig. 3¢, d, f, and g). The thicknesses for the tested single crys-
tals are 21.1 pm for (C¢N,H;6)Cd,Cls-2H,O and 4.3 pm for
(CeN,H;5)Cd(SCN); (Fig. S13). Based on the single-crystal XRD
analyses, the measured samples correspond to the (10-2)
plane for (CgN,H;6)Cd,Cls:2H,O (Fig. S14a) and the (010)
crystal plane for (C¢N,H;5)Cd(SCN); (Fig. S14b), which are the
only natural crystal planes suitable for measurement.
Therefore, according to the birefringence calculation formula
provided in the SI,*® the observed birefringence values were
determined to be about Ango_sjexp = 0.03@550 nm for
(CeN»H;6)Cd,Clg-2H,0 and about Any;gjexp = 0-37@550 nm for
(C¢N,H,5)Cd(SCN)s.

The wavelength-dependent refractive indices at angles from
0° to 360° for the tested (10—2) and (010) crystal planes of
(CeN,H;4)Cd,Cls-2H,0 and (C¢N,H;5)Cd(SCN); were obtained
and are shown in Fig. S15. The changes in refractive indices at
A =550 nm are further presented in polar plots (Fig. 3h and k).
From the ellipsoidal fitting drawn with the solid line, the

This journal is © the Partner Organisations 2026
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Fig. 3 Birefringence properties of (C¢N,H16)Cd,Clg-:2H,0O and (CeN,H;5)Cd(SCN)3. (@) Schematic diagram of the polarized microscopy method.
Original interference color of the crystal sample under the orthogonally polarized light of (b) (CgNH16)Cd,>Clg-2H,O and (e) (CgNxH15)Cd(SCN)s.
Complete extinction of (c and d) (CgN,H16)Cd»Cle-2H,0 and (f and g) (CgN,H;15)Cd(SCN); achieved by clockwise and counterclockwise rotation of
the compensator. Polar plots of calculated refractive indices at 4 = 550 nm in different directions for the (10—2) plane of (CgN;H;6)Cd,>Cle-2H,O (h)
and the (010) plane of (C¢N,H15)Cd(SCN)3 (k). The solid lines are fit to guide the eyes. Theoretically calculated refractive indices and birefringence of
(i) (CeN2H16)Cd,Cle-2H,0 and (1) (CgN,H;5)Cd(SCN)s. Triaxial ellipsoid of three principal refractive indices of (j) (CgNyH16)Cd,Clg-2H,O and (m)
(CeN2H15)Cd(SCN)3 at 4 = 550 nm. (n) Comparison of the birefringence of (CgN,H15)Cd(SCN)3 with that of representative commercial birefringent
crystals and some reported hybrid perovskite birefringent crystals.
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maximum refractive index and minimum refractive index at A =
550 nm were determined. The calculated birefringence values
for the (10—2) plane of (CsN,H;6)Cd,Cls-2H,0 and the (010)
plane of (CsN,H;5)Cd(SCN); are An(io—z)cal = 0.03@550 nm and

TDOS
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Ano10)cal = 0.40@550 nm, which match well with the experi-
mental results, Ango_zjexp = 0.03@550 nm and Angigyexp =
0.37@550 nm. Considering that both (CsN,H;s)Cd,Cls-2H,0
and (CeN,H;5)Cd(SCN); crystallize in the monoclinic space
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Fig. 4 Theoretical calculations of (CgNyH16)Cd,Clg:2H,O and (CgN,H15)Cd(SCN)s. Total and partial DOS of (a) (CgN,H16)Cd>Clg:2H,O and (b)
(CeN2H;15)Cd(SCN)3. The HOMO of (c) (CgN2H16)Cd2Clg-2H,0 and (e) (CgN2H15)Cd(SCN)s. The LUMO of (d) (C¢N2H16)Cd2Cle-2H,0 and (f) (CgN2H;s)
Cd(SCN)s. The unit sphere representation map of the polarizability tensor of (g) CdCls-H,O and (h) Cd(SCN)s. (i) The comparison of the polarizability

anisotropy between CdCls-H,O and Cd(SCN)e.
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group P2,/c (no. 14), one of their three principal optical axes
aligns with the crystallographic b-axis, while the other two are
located within the (010) crystal plane. As demonstrated in
Fig. 3i and 1, the overall birefringence of (CsNyHj)
Cd,Cls-2H,0 and (C¢N,H;5)Cd(SCN); is calculated to be about
Angy = 0.03@550 nm and 0.40@550 nm. In addition, the triax-
ial ellipsoid corresponding to the three principal refractive
indices at 4 = 550 nm also exhibits significant difference in
optical anisotropy (Fig. 3j and m). Clearly, compared to
(CeNyH46)Cd,Clg-2H,0, the birefringence of (CeN,H;5)Cd
(SCN); has increased more than 12 times by the chemical sub-
stitution of halogen CI~ ions with pseudo-halogen (SCN)™.
Remarkably, the birefringence of (C¢N,H;5)Cd(SCN); represents
almost the largest value among reported hybrid perovskites
without n-conjugated cations, exceeding that of recently reported
(1A),(MA),PbsCl,,"® (1-Hpro)(i-pro)Pbls,>" (NMCA),PbCl,,** and
[C3H5FNH,],[(NH,)Fe(CN)o].** Furthermore, it is also comparable
to those of numerous hybrid perovskite birefringent crystals con-
taining m-conjugated cations, including (C;oHy;N;)PbBr,,**
C;3NgHgPbBr,,'” (PEA),CuCl,,® and (C,N;H,),PbCl,."

To understand the significant difference in birefringence
between (CeN,H;6)Cd,Clg-2H,0 and (C¢N,H;5)Cd(SCN);, the
first-principles calculations were performed by using the
CASTEP package based on density functional theory.**?>°
Electronic band structure analyses reveal that (CeNyHie)
Cd,Clg-2H,0 features an indirect band gap of 4.58 eV
(Fig. S16a), while (C¢N,H;5)Cd(SCN); has a direct band gap of
3.58 eV (Fig. S16b), both of which align well with the experi-
mental result (4.38 eV and 3.69 eV). Fig. 4a and b show the
total and partial density of states (DOS) of (CeNyHj)
Cd,Cls-2H,0 and  (CgN,H;5)Cd(SCN);.  For  (CeN,Hje)
Cd,Clg-2H,0, the upper valence bands near the Fermi level are
mainly derived from Cl 3p orbitals and the bottom of conduc-
tion bands predominantly consists of Cd 5s orbitals, suggesting
that CdCls-H,O polyhedra significantly influence the optical
properties of (C¢N,H;6)Cd,Cls-2H,0, while the contribution
from the N,N-dimethylpiperazine cations remains minimal. In
contrast, for (C¢N,H;5)Cd(SCN);, the upper valence bands near
the Fermi level are predominantly composed of S 2p orbitals
and SCN-N 2p orbitals. The bottom of conduction bands is
mainly contributed by SCN-N 2p orbitals, SCN-C 2p orbitals,
and S 2p orbitals together with a small amount of Cd 5s orbi-
tals. This indicates that Cd(SCN)s polyhedra play a dominant
role in the optical properties of (C¢N,H;5)Cd(SCN);, while the
contribution from the N,N-dimethylpiperazine cations is negli-
gible. To further elucidate these contributions, the highest occu-
pied molecular orbitals (HOMO) and the lowest unoccupied
molecular orbitals (LUMO) were also calculated. Fig. 4c and d
demonstrate that the HOMO and LUMO for (CsN,H;)
Cd,Cle-2H,0 are mainly influenced by CI 3p orbitals, O 2p orbi-
tals, and Cd 5s orbitals. As presented in Fig. 4e and f, the
HOMO of (C¢N,H,5)Cd(SCN); is mainly occupied by SCN-N 2p
orbitals and S 2p orbitals, while the LUMO consists of SCN-N
2p orbitals, SCN-C 2p orbitals, and Cd 5s orbitals.

Despite both CdCl5-H,O and Cd(SCN)s adopting similar
octahedral configurations, why does (C¢N,H;5)Cd(SCN);
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exhibit much larger birefringence than (CgN,H;e)
Cd,Cls-2H,0? Since macroscopic birefringence is closely
related to the microscopic polarizability of functional groups,
we calculated the polarizability tensors of CdCl5;-H,O and Cd
(SCN), octahedra.’’*® As demonstrated in Table S6, the polar-
izability tensor of CdCls-H,O remains almost the same along
different directions with ay, = 210.1 a.u., ay, = 212.5 a.u., and
a,; = 207.1 a.u. In contrast, in Cd(SCN)s, the components of
the polarizability tensor aligned with the polar (SCN)~ chain
direction (a,, = 536.1 a.u.) are significantly larger than those of
other directions (ay, = 399.7 a.u. and a,, = 372.3 a.u.). In order
to further visualize these differences, we plotted the unit
sphere representation map of CdCl;-H,0 and Cd(SCN)s
polyhedra.>”*° As shown in Fig. 4g and h, the lengths of large
bidirectional arrows represent the total magnitude of polariz-
ability along the X, Y, and Z directions, while the small arrows
indicate the changes in dipole moment induced by an external
electric field applied from the molecular center. The nearly
spherical distribution for CdCls-H,O reflects its isotropic
polarizability nature. In contrast, the polarizability tensor of
Cd(SCN)e along the polar (SCN)~ chain direction is signifi-
cantly larger than those along other directions, indicating pro-
nounced polarizability anisotropy. Quantitatively, the polariz-
ability anisotropy (Aa) of Cd(SCN)e reaches 155.7 a.u., which is
considerably larger than that of CdCl5-H,O (Aa = 6.3 a.u.)
(Fig. 4i). Moreover, the 1D Cd(SCN); chains are arranged in
parallel within the crystal structure of (CeN,H;5)Cd(SCN);,
which facilitates the effective superposition of polarizability
anisotropy, further inducing large optical birefringence of
(C¢N,H,5)Cd(SCN);.

3. Conclusions

In summary, we present a polar pseudo-halogen substitution
strategy that significantly enhances the birefringence of hybrid
perovskites by over an order of magnitude—from
0.03@550 nm for (C¢N,H;6)Cd,Clg-2H,0 to 0.37@550 nm for
isostructural (C¢N,H;5)Cd(SCN);. Theoretical calculations and
structural analyses confirm that the pronounced birefringence
gap arises from the substantial increase in polarizability an-
isotropy induced by replacing halide CI™ ions with pseudo-
halogen (SCN)~. Such a birefringence value of (CsN,H;5)Cd
(SCN); exceeds those of all commercial birefringent crystals
and ranks almost the highest among those for reported hybrid
perovskites with non-n-conjugated organic cations. Combining
the outstanding birefringence performance and ease of growth
of large single-crystals of (C¢N,H;5)Cd(SCN)3, this work estab-
lishes a scalable chemical design paradigm for developing out-
standing birefringent crystals in the future.
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