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ABSTRACT: Chiral organic-inorganic hybrid perovskites (OIHPs) are inversion asymmetric and
have many remarkable properties, including circular dichroism (CD), optical rotation, nonlinear optics,
and second-harmonic generation (SHG). While chiral molecules are responsible for chiroptical
properties, they are generally not expected to influence the crystallization of OIHPs. Here, we find that
OIHPs synthesized with pristine S- and R-molecules crystallize as 1D perovskites, whereas that
synthesized with the racemic molecule crystallized as 2D perovskites. Single crystal X-ray diffraction
reveals that the structure change is related to the differing packing of chiral molecules versus racemic
ones in OIHP. Furthermore, we demonstrate chiral OIHPs containing the S- or R-ligands could be

applied in circularly polarized light (CPL) detectors.

KEYWORDS: chiral perovskite, single crystal, structure analysis, lattice parameter, CPL detection
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INTRODUCTION

Organic-inorganic hybrid perovskites (OIHPs) have attracted great interest due to their excellent
optoelectronic properties, including long carrier-diffusion lengths, low trap densities, high absorption
coefficients, and tunable bandgaps.!-3 These properties enable superior performance in solar cells,* 3
photodetectors,®® and light-emitting diodes (LEDs).? Given the flexibility of the organic ligands in
OIHPs, the introduction of chirality has produced a new subclass: chiral OIHPs.!? Chiral OIHPs exhibit
intriguing properties such as circular dichroism (CD), nonlinear optics, and ferroelectricity,!! which
can be potentially used in CPL sources,!? circularly polarized photodetectors,'? spintronics devices,!4
and ferroelectric materials.!® In recent years, the introduction of structural asymmetry by using chiral
organic groups have attracted a lot of attention. For instance, due to the non-centrosymmetric structures,
chiral OIHPs are promising ferroelectric materials.!>-?° In addition, the coupling of structural
asymmetry to spin-orbit coupling in chiral OIHPs may create Rashba-type spin polarization.!# 21 22
Owing to helicity-dependent excitons, OIHPs encompass the potential to be applied in circularly
polarized light-emitting diode (CP-LED).!7-23-26 CPL detection is a key to some critical applications,
such as drug screening, security surveillance, and quantum optics.!®> Conventional CPL detectors
require complex integration of components. Therefore, it is significant to explore materials sensitive
to circularly polarized light. Tang et al. introduced R/S-a-phenylethylamine two-dimensional chiral
OIHPs for a fast, atmospheric chiral photodetector.!3 Furthermore, different from pristine chiral OTHPs,
Li’s group usually utilized other materials forming heterojunctions with OIHPs to improve detection
performance.?’-28

Generally, most studies on chiral OIHPs were focused on helicity-dependent exciton physics or
spin-filtering, but few studies investigated if the crystal structures are affected by the chiral ligands.?®
In principle, chiral perovskites with same structure chiral ligands can be obtained by the same synthesis

method.!> 39 However, in many cases, racemic single crystals could not be crystallized in the same

ACS Paragon Plus Environment



oNOYTULT D WN =

Chemistry of Materials Page 4 of 20

crystal phase. A detail analysis of the packing of the organic ligands in chiral and racemic crystals is
needed to explain this but is currently lacking.!?

In this work, chiral OIHP crystals named (R/S-NEA)PbI; and (rac-NEA),Pbl, with chiral ligands
(R-(+)-/S-(—)-1-(2-naphthyl)ethylamine (R/S-NEA), or 1-(2-naphthyl)ethylamine (rac-NEA)) were
synthesized by a facile solution method. The crystal structures of (R/S-NEA)PbI; and (rac-NEA),Pbl,
were solved by single crystal XRD. The UV-visible light absorption spectra and CD spectra confirm
the chirality of the R and S-OIHP crystals. Second-harmonic generation (SHG) shows that the R- and
S- OIHPs possess non-centrosymmetric structures and exhibit frequency multiplication. Diagrams of
the unit cell structures were used to elucidate the growth behavior and phase difference in chiral
crystals. Consequently, (R-NEA)PbI; and (S-NEA)PDI; present opposite photoelectric responses under
CPL. Under the same power density, anisotropy factor for photocurrent of (R-NEA)PbI; and (S-

NEA)PbI; detectors have been determined to be 0.294 and 0.24.

EXPERIMENTAL DETAILS

Materials. (S)-(—)-1-(2-naphthyl) ethylamine (>98%) and (R)-(+)-1-(2-naphthyl) ethylamine
(>98%) were purchased from Tokyo Chemical Industry, and 1-(2-naphthyl) ethylamine (>98%) was
purchased from MERYER. Hydroiodic acid (HI) (55.0-58.0 wt.% in H,0, containing<1.5% H3PO,
stabilizer) was got from Aladdin and 1-Butanol (99.5%) were purchased from Energy Chemical. All
reagents were used without further purification.

Synthesis. PbO (100.1 mg) was dissolved in a 58 wt.% HI solution (1.5 ml) contained in a
pressurized vessel. A light brown solution was obtained after ultrasonication. R/S/rac-NEA (134.4 mg)
and 1-Butanol (1 ml) were successively and slowly added dropwise into the pressure bottle. Then, the
vessel was transferred to an oil bath held at 110 °C and heated until a bright yellow solution formed.

Then the vessel was placed still under 110 °C for 6 h. Yellow crystals were obtained after the solution
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was cooled down to 70 °C at a rate of 5 °C h™! and then to 20 °C at a rate of 2 °C h™!. The synthesis
process of chiral OIHPs was shown in scheme S1. The crystals were filtered and then dried under a
vacuum for one night.

Films fabrication. Perovskite films were prepared on either soda-lime glass (1.5x1.5 cm?) or
quartz glass (2x2 cm?). The substrates were ultrasonically cleaned with deionized water, isopropanol,
acetone; each cleaning step was performed over approximately 10 min. Then, the substrates were
cleaned with oxygen plasma for 5 min. A chiral perovskite precursor solution (40 wt.% in DMF, 40
ulL) was dispersed dropwise onto the substrates for spin-coating, and the samples were then spun at
2000 rpm for 30 s. Finally, the films were annealed at 120 °C for 8 min on a hot plate to induce
crystallization. All processes were carried out in an argon-filled glove box.

Device fabrication. The chiral pristine perovskite devices were fabricated on sapphire substrates.
Firstly, the chiral layered perovskites were exfoliated onto the substrate.?! Subsequently, Au electrodes
were deposited on the exfoliated flake by thermal evaporation to form a typical channel length of about
20 pum.

Characterization of the 2D hybrid perovskites. The morphologies of the prepared crystals and
films were observed with scanning electron microscopy (SEM) (MIRA3, TESCAN). The structures of
the crystals were characterized by X-ray diffraction (XRD) (Ultima IV, Rigaku) with a scanning speed
of 4 ° min! at 40 kV and 40 mV. The arrangement of organic molecules and Pbls octahedra was
determined by single-crystal XRD (Rigaku, Japan, Cu Ko, A = 1.54178 A). Structural symmetry and
nonlinear data were obtained from SHG. CD measurements and UV-visible optical absorption spectra
were obtained with a JASCO950 CD spectrometer over a range of 300-600 nm. The /-V curves were
measured by Keithley 2600B SourceMeter SMU. The temporal voltage response to a pulsed light
source was tested by a DMM7510 7'.-bit graphic sampling multimeter. And the noise current of

devices was recorded by a phase-locked amplifier SR830 (Stanford Research Systems).
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RESULTS AND DISCUSSION

To verify the successful introduction of chirality into OIHPs, chiral perovskite crystals were
prepared into thin films via spin-coating. Figure 1c shows digital and SEM images of the uniform
films obtained. The XRD patterns of OIHPs films are shown in Figure 1a. Chiral OIHPs exhibit high
crystallinity and oriented growth, and no impurity peaks were detected. XRD pattern indicates that the
(0 0 /) planes of the crystals are parallel to the substrates, suggesting a high degree of orientation. (R-
NEA)PbI; and (S-NEA)PbI; exhibit the same position of XRD peaks without any shifts. However, the
main peak for (rac-NEA),Pbl, shifts from 7.14° to 5.64° (~1.5°) compared to (R-NEA)PbI; and (S-
NEA)PbI;. Thus, (rac-NEA),Pbl, exhibits a larger interlayer spacing.

Figure 1b shows the CD spectra and UV absorption spectra of the three perovskite films. The
CD spectra indicate that the R- and S- configured chiral organic cations were successfully introduced
into the perovskites, exhibiting optical chirality. The chiral molecules R/S/rac-NEA were dissolved in
1-butanol, then the CD spectra of chiral ligands were measured and shown in Figure S1, which are
different from chiral perovskites. When a beam of linearly polarized light passes through the perovskite
films, (R-NEA)PbI; and (S-NEA)PbI; absorbed left and right CPL at different rates. In contrast to
most other reported perovskites, (R-NEA)PbI; and (S-NEA)PbI; exhibit strong chiral optical activity.3>
33 In Figure 1b, the peaks of (R-NEA)PbI; and (S-NEA)PbI; are observed at 370 nm and extrapolated
to 397 nm. The UV spectrum of (rac-NEA),Pbl, was located at 412 nm and extrapolated to 435nm.
The narrow bandwidth peak located at 370 nm and 412nm are attributed to exciton of (S/R-NEA)PbI;
crystals.3* A platform is located at 385nm in the UV spectrum of (rac-NEA),Pbl; which can be
attributed to higher energy electronic bands.? The optical band gaps were calculated according to the
absorption spectra. The values of band gaps for (S/R-NEA)PbI; and (rac-NEA),Pbl, are 3.20 and 2.90
eV, respectively (Figure S2). The UV spectra reveal that the CD peaks are slightly red-shifted to the

extinction band edge. The wavelength corresponding to the intersection of the CD spectral curve and
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the zero line match with the extinction band edge of the sample. This phenomenon is known as the
Cotton effect, which is caused by the energy level splitting of the related electronic states of a
semiconductor due to the chiral organic ligands.?> The (rac-NEA),Pbl, shows no chiral optical activity,
but its UV spectrum is redshifted compared to that of (R-NEA)PbI; and (S-NEA)PbI;. This can be
attributed to the different assembly manner of the (Pblg)* octahedra.’¢ In the OIHPs with the same
organic ligands, the absorption band of corner-sharing (Pbls)*" octahedra is wider than that of face-
sharing (Pblg)* octahedra.’” The lack of inversion symmetry of the chiral compound can be proven by
the ability to generate SHG response (Figure 1d). Under 800nm incident laser, (R-NEA)PbI; and (S-
NEA)PbI; are SHG-active while (rac-NEA),Pbl, is inactive. Furthermore, there was no noticeable
differences were observed among the XRD spectra of as-prepared, 3-day-, 7-day-, 15-day-aged films

(Figure S3). It indicates that films have good stability.
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Figure 1. Characterization of the chiral perovskite films. (a) XRD patterns of the (R-/S-NEA)PbI;
films and (rac-NEA),Pbl,. (b) CD and absorption of the highly oriented films. (¢) Digital and SEM
images of a film. (d) Wavelength-dependent SHG singles of the films.

Figure 2 shows digital images, XRD patterns, and X-ray oscillation photographs of the chiral
OIHPs single crystals. In this case, R-/S-/rac-NEA reacted with PbO in an HI solution under ambient

atmospheric conditions, and block-shaped, yellow single crystals with millimeter-scale to the
ACS Paragon Plus Environment
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centimeter scale were got by regulating the cooling rate (Figure 2a). Figure 2b shows the small, block-
shaped (S-NEA)PbI; single crystals obtained (for (R-NEA)PbI; and (rac-NEA),Pbl, see Figure S4).
Figure 2¢ presents XRD patterns of the (R-/S-NEA)PbI; and (rac-NEA),Pbl, crystals. The main peaks
corresponding to (R-/S-NEA)PbI; and (rac-NEA),Pbl, are consistent with those observed in the XRD
patterns of the films. Figure 2d and 2e show single-crystal X-ray oscillation photographs of (R-
NEA)PbI; and (rac-NEA),Pbl,. The main Bragg reflections can be observed in the photographs, and

the structure of the crystals was analyzed using single-crystal X-ray intensity data.
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Figure 2. Characterization of the chiral perovskite single crystals. (a) Digital photograph of the
single crystals. (b) SEM image of (S-NEA)PbI;. (c) XRD patterns of the (R-/S-NEA)PbI; and (rac-
NEA),Pbl, crystals. Single-crystal X-ray oscillation photographs of (d) (R-NEA)PbI; and (e) (rac-
NEA),PbL,.

The single-crystal structures of (R-/S-NEA)PbI; and (rac-NEA),Pbl, were deciphered and
schemes of the crystalline structures are shown in Figure 3. The chiral OIHPs investigated in this
paper can be described as low-dimensional hybrid perovskite structures.’® As shown in the schematic,
there are some differences among the layered structures of (R-/S-NEA)PbI; and (rac-NEA),Pbl,. In

the two chiral perovskites, the structures consist of face-sharing (Pbls)* octahedral layers separated by
ACS Paragon Plais Environment
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R/S organic ligands (Figure 3a, 3b). In the absence of the simulated octahedra, the iodine atoms are
arranged in a spiral around the lead atoms, and every iodine atom is connected to a hydrogen atom in
the -NH, group. The chains of the inorganic layer are formed by three bridging halides with shared
faces. In the achiral compound, the structure consists of corner-sharing (Pbls)* octahedra layers and a
racemic organic layer (Figure 3). Hydrogen bonding exists between the ends of the organic molecules
and halide atoms. The bulky cations interact with the inorganic cages via hydrogen bonding. Based on
the theory of preferential growth in crystallography,*® orthorhombic (R-/S-NEA)PbI; and triclinic (rac-
NEA),Pbl,; were synthesized.?” R-/S-NEA organic ligands are regularly distributed on both sides of
the inorganic chains but the organic molecules are mirror images seen from the A axis (Figure S5). In
(rac-NEA),Pbl,, each halogen atom is shared by two octahedra that are connected to form an inorganic
layer. The amine group on each rac-NEA unit forms hydrogen bonds with the nearest octahedron to
achieve stability. More detailed information of (R-NEA)PbI; and (rac-NEA),Pbl, are shown in Figure

S6 and Figure S7.

v
/‘
16.8719 A

Figure 3. Packing views of the crystal structures of (a) (S-NEA)PbI;, (b) (R-NEA)PbI;, (c) (rac-

NEA),PbL,.
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Additional crystallographic data are summarized in Table 1. At 298 K, (R-/S-NEA)PbI;
crystallizes in the P,;515; space group, which is included in the 65 Sohncke chiral space groups listed,
and (rac-NEA),Pbl, crystallizes in the P1 space group. Under the same facile solution synthesis
conditions, the rotation of the organic ligands determined the hydrogen bonds between the amines and
halogen atoms. The atomic coordinates and equivalent displacement parameters of (R-/S-NEA)PbI;
and (rac-NEA),Pbl, are shown in Table S1-S3. And CCDC reference numbers are 2116341-2116343.

The unit compounds of (R-/S-NEA)PDbI; and (rac-NEA),Pbl, are shown in Figure S16.
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Table 1. Summary of the crystal data and structure refinements of (R-/S-NEA)PbI; and (rac-

NEA),Pbl,.

(S-NEA)PbI;

(R-NEA)Pb,

(rac-NEA),Pbl,

Empirical formula
Temperature (K)
Wavelength (A)
Crystal color
Crystal system
Space group
a(A)

b (A)

c(A)

a (°)

B ()

7 (®)

Volume (A3)

Z

Density (g cm™3)
M (mm™)

F (000)

Theta (max)

Data completeness
R (reflections)
wR2 (reflections)
No. of parameters

S

C1,H4NPbI;
298 K
1.54184
Yellow

Orthorhombic

No.19 (P212121)

8.1587(3)
8.5685(2)
25.4809(8)
90
90
90
1781.31(10)
4
2.834
59.094
1336
77.666
1.64/0.95
0.0970(3441)
0.2507(3595)
132

1.153

Cy,H4NPbl;
298K
1.54184
Yellow

Orthorhombic

No. 19 (P212121)

8.1576(1)
8.5778(1)
25.5061(2)
90
90
90
1784.77(3)
4
2.829
58.979
1336
77.615
1.66/0.96
0.0474(3517)
0.1148(3645)
156

1.075

(C12H14N),Pbly
100K
1.54184
Yellow
Triclinic
No.2 (Py)
8.8362(2)
16.8772(5)
19.6117(4)
93.564
100.851
100.632
2808.79(12)
1
2.251
39.159
1747
64.999
0.985
0.0450 (7609)
0.1160 (9410)
625

1.048
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Figure 4. The device performance of (R-NEA)PbI; CPL detectors. (a) Schematic diagram of CPL
detector. (b) The current-voltage (I-V) curves of the device under dark, RCP-405nm, and LCP-405nm
light illumination. (c) The I-V curves under different light power densities (ranging from 0 to 0.15 mW
cm?). (d) Spectral response of (R-NEA)PbI; and (S-NEA)PbI; devices under CPL illumination with
different light power densities. (¢) R and detectivity (D) as a function of the incident light power
density. (f) The responsivity of (R-/S-NEA)PbI; device under LCP and RCP light at the wavelengths
of 365, 405, 455, and 505 nm. (g) Photoresponse under cyclic light illumination. (h) Temporal voltage
response to a pulsed light source. (i) Noise current spectra of the device, instrument, and the total noise.

A chiral OIHP thin flake can be mechanically exfoliated from bulk crystals due to the relatively
weak van der Waals forces between the organic chains of two unit cells.*’ As shown in Figure 4a,
chiral OIHPs photodetectors were successfully fabricated with a channel length of 20 um. The
corresponding OM image of a typical photodetector is shown in Figure S8. The thickness of the

mechanically exfoliated flakes was obtained by Atomic Force Microscope (AFM). The thicknesses of
ACS Paragon Plas Environment
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(R-NEA)PbI;, (S-NEA)PbI; and (rac-NEA),Pbl, flakes are 75.3, 76.4 and 72.4 nm, respectively
(Figure S9). The device can detect CPL at room temperature and exhibit a high photoelectric detection
performance. CPL was assembled by a 405nm laser, a linear polarizer, and a quarter-wave plate.
Figure 4b shows the I-V curves of the (R-NEA)PbI; CPL detectors in the dark and under right-handed
circular polarized (RCP), and left-handed circular polarized (LCP) illumination. Obviously, (R-
NEA)PbI; CPL detectors exhibit a higher photocurrent under RCP illumination compared with that
under LCP illumination. Impressively, (S-NEA)PbI; devices exhibit an opposite trend (Figure S11a),
indicating distinguishing ability for RCP and LCP illumination. Under a bias of 0.4 V, the dark current
is 2.82x102 pA, the photocurrent of (R-NEA)PbI; photodetector can reach 1.4 pA under a power
density of 0.15 mW cm2, and a maximum on/off ratio is about 117. The anisotropy factor for
photocurrent can be defined as gy, = 2 | (Iz-Ip)/(Iz+Ip) |, where I and I, are the photocurrents under
RCP and LCP illumination, respectively.?’-41-43 This parameter represents the degree of CPL detection
capability. Under the 405nm-CPL with a power density of 0.15 mW cm and at a bias of 4 V, the gy,
of (R-NEA)PbI; and (S-NEA)PbI; were calculated to be 0.294 and 0.24, respectively. Compared with
other various CPL detectors based on pristine chiral OIHPs, (R-NEA)Pbl; and (S-NEA)Pbl; CPL
detectors shows an excellent detection capability.!3 28 43 The photocurrents of (rac-NEA),Pbl; CPL
detectors under RCP and LCP illumination in Figure S12a are the same, as expected of a non-chiral
compound with no helicity dependence.** The I-V curves of the three devices under dark conditions
and different light power densities are shown in Figure 4c¢ (Figures S11b and S12b). The linear
dynamic range (LDR) can be calculated by LDR= 20 log Pmax/Pmin, where P,,.x and P,,;, are the
maximum and minimum incident light power intensities in the linear range, respectively. The LDR of
the CPL detector under CPL with light intensity ranging from 0.035 to 0.15 mW cm is shown in
Figure S10, indicating that LDR is = 13dB. As the light power density increased from 0 to 0.15 mW
cm2, the photocurrent gradually increases due to the number of photogenerated charge carriers is
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directly proportional to the absorbed photon flux. The linear of I-V curves indicate that the Au
electrodes formed ohmic contact on chiral perovskites. > The photocurrent and R of (R-NEA)PbI;
photodetectors under various RCP light power densities with a bias of 5V as shown in Figure S13.

The corresponding calculation equation is defined as follows:*’

Liighe — Taark

R="%r" O
where Ijigye and I, mean photocurrent under 405nm-CPL and dark current respectively. P is the light
power density and A is the active area of devices. The photocurrent increases continuously with the
incident light power density, while the value of R decreases. This is attributed to the relative large
recombination possibility of photogenerated carrier as the carrier density increases under high light
power. (S-NEA)PbI; and (rac-NEA),Pbl, also reached the saturation current under the same incident
light intensity shown in Figure S11c¢ and Figure S12¢. Under incident light power density of 0.035
mW cm2, the highest R (0.09 A W-!) was achieved. Figure 4f shows the wavelength-dependent (from
365-505 nm) R under 4V.

In Figure 4d, the R of the (R-NEA)PbI; and (S-NEA)PbI; devices exhibit a symmetrical trend
under CPL illumination. The R of the two devices demonstrated that (R-NEA)Pbl; was more
responsive to RCP, while (S-NEA)PbI; exhibit the opposite phenomenon. Figure 4e exhibits the
relationship between R and D* for (R-NEA)PbI; CPL detectors as a function of incident light power
density, respectively. In addition, D" is also an important parameter describing the performance of a

detector. D* can be calculated as follows:

. (ADf)'?

D™ = —pp (2)
inoise

NEP = — €)

where R is responsivity, Af, is the bandwidth of the equipment (0.833 Hz), NEP is the noise-

equivalent power. The value of shot noise (2.94 x 10! fA Hz!?) is more than 10 times larger than

that of the thermal noise (1.73 x 102 fA Hz!?), therefore the total noise current in our devices can be
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1 . . . .
) dominated by the shot noise (Figure 4i):
3
4 Inoise = A/ 2elgAfx 4)
5
6 *
7 D’ can be expressed as
8
9 . _ | A
10 D = [z R (5)
11
12 where e is the elementary charge, I, is the dark current. Using these equations above, the maximum D*
13
14 . . . . .
reached about 3.8x10'! Jones with the light power intensity of 0.035 mW cm™. Table 2 lists the

15 ght p y
16
17 corresponding comparison performance of CPL photodetectors based on chiral perovskites.!3-27. 28, 43,
18
1 9 . . .
20 46-48 Compared with previously reported CPL devices, the photodetector based on 1D (R/S-NEA)PbI;
21
;g show some superior properties such as D* and gy, value.
24
25 Table 2. Summary of the CPL photodetectors performances
26,
27 Channel
28 ) Pinc R D* Response  On/off CD Ziph

Materials length Ref.
29 (mW cm?) (AW  (Jones) time(ms) ratio (medg)
30 (um)
g;(R/S-a-PEA)th 0.252 - 0.797 7.1x101 - - 180 0.1 13
33hBN/(R/S-MBA),Pbly/MoS, 1.25 10 0.45 2.2x101 104 14 - - 27
gg(R/S—a-PEA)szh 0.00234 20 0.6 3.06x10!" 22 124 50 0.23 28
36(R/S-MPA),AgBilg 270 - 22x106 1.2x107 580 - - 0.22 43
;73(11/s-[5-1\41>A)21\4A1>b217 0.23 ; 38 LIx10? 16 ; 30 0.2 46
39(R/S-BPEA),Pbl,4 150 - 0.0021 310 0.242 2x10* 130 - 47
j?(R/S-MPA)zMAPb217/MAPbI3 0.2 - 0.0012 1.1x1012 2 103 12 0.67 48
42(R/S-NEA)PbI; 0.035 20 0.09 3.8x10M! 26 117 40 0.294  This work
43
44
45
46
47 The time-dependent photocurrent response and the time response of (R-NEA)PbI; are shown in
48
gg Figure 4g, 4h, respectively. To examine the stability of chiral perovskites detectors, on/off switching
51
52 behavior of R-NEA)PbI; detectors remained stable for multiple cycles, as shown in Figure 4g. We
53
54 ) . . . . .
55 further investigated the response time of (R-NEA)PbI; detectors, the rise and decay time of the device
56
;73 are 0.026s/0.015s, as shown in Figure 4h.
59
60 CONCLUSIONS

In summary, a class of chiral OIHP single crystals was successfully synthesized by a facile
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solution method. Both CD and UV spectra proved that chirality has been successfully introduced into
the organic ligands. XRD reveal that (R-/S-NEA)PbI; and (rac-NEA),Pbl, have different crystal
structures owing to the different packing geometry of the organic ligands. Finally, CPL detectors based
on these chiral OIHPs achieved 0.294 anisotropy photocurrent and an R of 90 mA W-!. The devices
exhibited a high D* of 3.8x10'! Jones and a response time of 0.026 s. We believe this work provides
the necessary guideline for discovering new chiral OIHPs for optoelectronics and spintronics

applications.
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