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ABSTRACT: All-inorganic metal halide perovskite-related phases
are semiconducting materials that are of significant interest for a wide
range of applications. Nanoparticles of these materials are particularly
useful because they permit solution processing while offering unique
and tunable properties. Of the many metal halide systems that have
been studied extensively, cesium cadmium chlorides remain under-
explored, and synthetic routes to access them as nanoscale materials
have not been established. Here we demonstrate that a simple
solution-phase reaction involving the injection of a cesium oleate
solution into a cadmium chloride solution produces three distinct
cesium cadmium chlorides: hexagonal CsCdCl3 and the Rud-
dlesden−Popper layered perovskites Cs2CdCl4 and Cs3Cd2Cl7. The
phase-selective synthesis emerges from differences in reagent concentrations, temperature, and injection rates. A key variable is the
rate at which the cesium oleate solution is injected into the cadmium chloride solution, which is believed to influence the local
Cs:Cd concentration during precipitation, leading to control over the phase that forms. Band structure calculations indicate that
hexagonal CsCdCl3 is a direct band gap semiconductor while Cs2CdCl4 and Cs3Cd2Cl7 have indirect band gaps. The experimentally
determined band gap values for CsCdCl3, Cs2CdCl4, and Cs3Cd2Cl7 are 5.13, 4.91, and 4.70 eV, respectively, which places them in a
rare category of ultrawide-band-gap semiconductors.

■ INTRODUCTION
All-inorganic metal halide perovskites and perovskite-related
phases are attracting significant attention for their intriguing
properties such as tunable band gaps1 and long carrier diffusion
lengths.2,3 These properties have led to inorganic metal halide
perovskites being investigated as promising materials for
numerous applications, including solid-state lighting,4,5 photo-
catalysis,6,7 photovoltaics,8,9 and thermoelectrics.10 For exam-
ple, thin films of tetragonal β-CsPbI3, in combination with a
hole transport layer, achieved a high power-conversion
efficiency in a perovskite solar cell while also exhibiting high
stability under continuous illumination in air.9 Additionally,
crystals of Cs2AgInCl6 doped with sodium and bismuth
exhibited white light emission with a high photoluminescence
quantum yields and a long lifetime.11 Bulk films and crystals,
however, can suffer from low exciton binding energies, and the
presence of intrinsic defects can significantly affect the
photoluminescence quantum yield.12 Nanostructured metal
halide perovskites can help to circumvent some of these
problems.
Over the past few years, the synthesis of nanostructured

metal halide perovskites has developed significantly, with
diverse synthetic methods producing a broad scope of phases.
Solution-based, hot injection methods are particularly power-
ful, as they permit fine control over nanoparticle size and
shape,13 including cubes,1,14 nanowires,15 spheres,16 and

platelets.13,14 For example, injecting cesium oleate into a hot
solution containing octadecene, oleylamine, oleic acid, and an
appropriate PbX2 salt (X = Cl, Br, I) instantaneously forms the
desired metal halide perovskite nanoparticles: i.e., CsPbCl3,
CsPbBr3, and CsPbI3. The band gaps of metal halide
perovskite nanoparticles can be modified, much like for their
bulk counterparts, by changing the identity of the halide or
using a mixture of halides. This results in highly tunable
photoluminescence with narrow emission line widths that span
the entire visible spectrum.1 The ease of synthesis, the ability
to fine-tune the band gap and the nanoparticle size and shape,
and the high defect tolerance due to the trap states being
located in the conduction or valence band12,17 make metal
halide perovskite nanoparticles of significant interest for a wide
range of applications, including light-emitting diodes,4,5

photodetectors,18,19 and lasers.20−22

Solution-based routes to nanocrystals of all-inorganic metal
halide perovskites and perovskite-related phases have been
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demonstrated to be important and useful. However, these
methods are typically limited to a small number of systems that
include the A-site cations Rb+ and Cs+ and the B-site cations
Pb2+, Sn2+, and Ge2+.23−26 Additional cations have been
incorporated, including Ag+, Tl3+, Bi3+, and In3+,27,28 albeit in
the double-perovskite structure. Cadmium-based halide per-
ovskites and perovskite-related phases, which offer unique
properties in comparison to their lead halide counterparts,
have been studied in the context of doping effects that modify
electron paramagnetic resonance and photoluminescent
signals, which are important for photon upconversion and
higher excited-state luminescence.29−31 CsCdCl3 was also
considered in the context of a computational screening effort
to identify possible metal halide perovskite semiconductors,32

and CsCdBr3 was studied for its nonlinear optical properties.33

However, the synthesis of cadmium-based metal halide
perovskites and perovskite-related phases has been limited to
bulk-scale single crystals,34 rather than solution-synthesized
nanoscopic phases.
Here we show that cesium cadmium chloride perovskite-

related phases can be accessed through solution-based
methods related to those that routinely produce other metal
halide perovskite nanocrystals, including CsPbX3 (X = Cl, Br,
I). By dissolution of cadmium chloride in a high-boiling-point
organic solvent and injection of a solution of cesium oleate at
elevated temperatures, three distinct phases can be selectively
synthesized as particles having characteristic dimensions in the
range of 75−250 nm. The phase selectivity arises from
differences in the local concentration of cesium and cadmium
ions, the injection rate of cesium oleate, and the reaction
temperature. Hexagonal CsCdCl3 has a three-dimensionally
bonded structure that has two face-sharing octahedra that form
Cd2Cl9

5− subunits, which share corners with six other
octahedra (Figure 1a); this structure is often referred to as a

hexagonal perovskite.35 Cs2CdCl4 (Figure 1b) and Cs3Cd2Cl7
(Figure 1c) are Ruddlesden−Popper phases, which are layered
intergrowths of perovskite-type cadmium chloride slabs and
rock salt type cesium chloride slabs. This synthetic capability
bridges the gap between previous syntheses for these phases,
which produce bulk-scale crystals using procedures that are not
amenable to nanostructuring, and the most commonly used
methods for accessing colloidal nanoparticles having tunable

morphologies and sizes. All three of these cesium cadmium
chloride phases were found experimentally to have band gaps
in the range of 4.70−5.13 eV, which places them in a rare
category of ultrawide-band-gap materials that are of interest for
applications including deep-ultraviolet optoelectronics and
high-power electronics.36

■ EXPERIMENTAL SECTION
Materials. Cadmium(II) chloride (CdCl2, 99.99%) and oleic acid

(90%, technical grade) were purchased from Alfa Aesar. Cesium
carbonate (Cs2CO3, 99+%) was purchased from Strem Chemicals. 1-
Octadecene (90%, technical grade) and oleylamine (70%, technical
grade) were purchased from Sigma-Aldrich. Solvents (hexanes and
ethanol) were of analytical grade. All chemicals were used without
further purification. Note that cadmium(II) chloride is a toxic reagent
that should be handled carefully using appropriate, established safety
protocols that are in accordance with the safety data sheet (SDS).

Preparation of Cesium Oleate. Cesium oleate was prepared
using a modified literature procedure.37 In a typical synthesis, Cs2CO3
(1.47 g, 4.51 mmol), 1-octadecene (30.9 mL), and oleic acid (14.1
mL) were placed in a three-neck, 100 mL round-bottom flask with a
condenser, thermometer adapter, alcohol thermometer, stir bar, and
rubber septum. The flask was purged of oxygen by cycling between
vacuum and Ar three times. The flask was then heated to 120 °C at 5
°C/min and held at that temperature for 5 h while under a static Ar
atmosphere. The solution was cooled to room temperature, and the
clear, amber-colored solution was transferred to a septum-capped vial
for future use.

Synthesis of CsCdCl3. CdCl2 (84 mg, 0.458 mmol) and 1-
octadecene (10 mL) were placed in a three-neck, 100 mL round-
bottom flask with a condenser, thermometer adapter, alcohol
thermometer, magnetic stir bar, and rubber septum. The flask was
heated to 100 °C under vacuum for 30 min. After a switch to an Ar
atmosphere, a mixture of oleylamine (1 mL) and oleic acid (1 mL)
was injected, causing the solution to become clear yellow. The
temperature was raised to 300 °C at 5 °C/min, and then 1.4 mL of
cesium oleate was injected at a rate of 1.4 mL/min using a syringe
pump. Afterward, the reaction flask was placed into a room
temperature water bath to cool. The resulting white precipitate was
isolated by centrifugation at 13500 rpm for 3 min. The powder was
resuspended with a 1/1 mixture of hexanes and ethanol, and the
washing procedure was repeated again. The washed powder, which
consisted of nanoscopic CsCdCl3, was stored in hexanes for further
characterization.

Synthesis of Cs2CdCl4. The procedure was identical with that
described above for CsCdCl3, except that 53 mg (0.289 mmol) of
CdCl2 was used and the temperature was raised to 160 °C at 5 °C/
min prior to injecting 1.4 mL of cesium oleate at a rate of 1.4 mL/min
using a syringe pump.

Synthesis of Cs3Cd2Cl7. The procedure was identical with that
described above for CsCdCl3, except that 62 mg (0.338 mmol) of
CdCl2 was used and the temperature was raised to 240 °C at 5 °C/
min prior to injecting 1.4 mL of cesium oleate at a rate of 1.4 mL/min
using a syringe pump. For this reaction, it is important for the solution
to change from a clear yellow to a milky white before the cesium
oleate is injected. This change should occur around 220 °C.

Characterization. Powder X-ray diffraction (XRD) data were
collected on a Bruker D8 Advance X-ray diffractometer with Cu Kα
radiation (λ = 1.5406 Å). Scanning electron microscopy (SEM)
images and energy dispersive spectroscopy (EDS) data, including
element maps, were collected on a Verios G4 XHR FESEM
instrument. Images were collected at an accelerating voltage of 3
keV and a working distance of 2−3 mm, while maps were collected at
10 keV and a working distance of 4 mm. To mitigate charging effects
on the Cs3Cd2Cl7 particles, beam deceleration was used to retard the
electron beam energy to a landing voltage of 1 keV. For EDS
mapping, the Lα1 lines for Cs (4.29 keV) and Cd (3.13 keV) were
used while the Kα1 line was used for Cl (2.62 keV). Diffuse
reflectance UV−vis spectroscopy data were acquired using a

Figure 1. Crystal structures of (a) hexagonal CsCdCl3 and the
Ruddlesden−Popper phases (b) Cs2CdCl4 and (c) Cs3Cd2Cl7. The
blue, green and red spheres correspond to cesium, cadmium, and
chlorine atoms, respectively.
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PerkinElmer Lambda 950 UV−vis−NIR spectrophotometer utilizing
a 150 mm integrating sphere collecting data from 200 to 800 nm,
taking 1 nm steps, and using a 4 nm slit width in the diffuse reflection
mode. The reference spectrum for total reflectance (pure white) was
measured against a Spectralon disk. A concentrated suspension of
nanoparticles was drop-cast onto a glass slide until a uniform, thick,
and opaque spot was observed.
DFT Calculations. First-principles calculations were performed to

investigate the band gaps and band structures of the hexagonal
CsCdCl3 crystal and the Ruddlesden−Popper Cs2CdCl4 and
Cs3Cd2Cl7 phases. The self-consistent-field calculations were initially
performed at the Perdew−Burke−Ernzerhof (PBE)38 semilocal level
of density functional theory using the projected augmented wave
(PAW)39,40 method implemented in the Vienna Ab initio Simulation
Package (VASP).41 The plane-wave basis energy cutoff was set to 520
eV. Brillouin zones of the perovskites were sampled with Gaussian
smearing, with a Γ-centered Monkhorst−Pack grid density of 0.04/Å.
The atomic positions and the lattice vectors of the perovskite bulk
structures were fully optimized to converge the total energy and force
within less than 10−6 eV and 0.01 eV/Å, respectively. For the band
structure calculations, on consideration of the known underestimation
of the band gap at the semilocal level, the hybrid Heyd−Scuseria−
Ernzerhof functional (HSE06)42 was applied. The lattice constants
that were computationally determined through structure relaxation as
well as the simulated lattice constants are shown in Table S1. The
difference between the calculated and simulated lattice constants was
small, ranging from 0.0012 to 0.12 Å. Therefore, both the PBE and
HSE06 functionals predicted lattice constants that are consistent with
experimental observations.

■ RESULTS AND DISCUSSION

CsCdCl3, Cs2CdCl4, and Cs3Cd2Cl7 were synthesized using a
solution-based method involving the injection of a cesium
oleate solution into a heated CdCl2 solution, as described in
the Experimental Section and outlined in the reaction schemes
in Figure S1. All three synthesized phases were stable when
they were stored under ambient conditions but unstable in
highly polar solvents.
Figure 2a shows the experimental powder XRD pattern for

the CsCdCl3 product, which matches well with the simulated
pattern for hexagonal CsCdCl3.

43 The structure of hexagonal
CsCdCl3, highlighted in Figure 1a, shows the two face-sharing
octahedra that comprise the Cd2Cl9

5− subunit mentioned
above, which share corners with six other distinct octahedra.44

SEM-EDS element maps and spectra, shown in Figure 2b and
Figure S2, confirm that cesium, cadmium, and chlorine were
uniformly distributed throughout the sample. There was no
microscopic evidence of secondary phases or amorphous
components: i.e., no regions have significantly different
morphologies or compositions. The SEM image shown in
Figure 2c reveals roughly spherical particles with diameters of
approximately 100 nm. The isotropic morphology observed by
SEM is consistent with the XRD data, which does not show
evidence of a preferred orientation. The particle size observed
by SEM is also consistent with the XRD data, which do not
have significantly broadened peaks, as would be expected for
smaller particle sizes.
When the amounts of cesium oleate and CdCl2 used in the

reaction were changed, as well as the reaction temperature, it
was possible to also synthesize two Ruddlesden−Popper
phases, An+1BnX3n+1, in the Cs−Cd−Cl system. Both the n =
1 phase, Cs2CdCl4, and the n = 2 phase, Cs3Cd2Cl7, are
intergrowth structures of 2D perovskite layers, where n is the
number of perovskite layers, interleaved between a rock salt
layer (Figure 1b,c).45

The experimental XRD and simulated reference patterns of
the n = 1 Ruddlesden−Popper phase, Cs2CdCl4, are shown in
Figure 3a.43 The XRD data indicate that Cs2CdCl4 formed
with no crystalline impurities, and the SEM-EDS element maps
and spectra (Figure 3b and Figure S2) confirm that the
expected elements are uniformly distributed. In contrast to
CsCdCl3, which produced roughly spherical particles, the
Cs2CdCl4 particles appear as a mixture of large rectangular
plates and rods that have dimensions up to 5 μm, as shown in
the SEM image in Figure 3c. The anisotropic morphology
observed microscopically, which is expected on the basis of the
layered crystal structure, is validated in the bulk sample by the
XRD data. In the XRD pattern for Cs2CdCl4 in Figure 3a, the
intensities of the peaks corresponding to the {001} planes are
significantly enhanced in comparison to the simulated pattern,
indicating a preferred orientation perpendicular to the [001]
direction. This preferred orientation is consistent with, and
expected for, both platelets and rods which grow such that the
{00l} planes are parallel to the basal plane. Additionally, the
{00l} XRD peaks are broadened relative to the other peaks.
Scherrer analysis of the {00l} peaks indicates an average grain
thickness of 11 nm, which is consistent with the anisotropic
morphology and provides an estimate for the thickness of the
Cs2CdCl4 platelets and rods.
XRD data for the n = 2 Ruddlesden−Popper phase,

Cs3Cd2Cl7, are shown in Figure 4a. A comparison of the
experimental and simulated XRD data34 confirms the

Figure 2. (a) Experimental and simulated powder XRD patterns for
hexagonal CsCdCl3. (b) Low-magnification SEM image and
corresponding SEM-EDS element maps for Cd, Cs, and Cl. (c)
Higher magnification SEM image showing the spherical morphology
of the CsCdCl3 particles.
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formation of Cs3Cd2Cl7 with no observable impurities, while
the SEM-EDS element maps and spectra in Figure 4b and
Figure S2 indicate that, like the other phases, the three
constituent elements are evenly distributed throughout the
sample. The SEM image in Figure 4c shows that the particles
are anisotropic, similar to those of Cs2CdCl4. However, the
morphologies of the Cs3Cd2Cl7 particles are noticeably
different. The SEM image reveals that most of the particles
form rectangular prisms with lateral dimensions ranging from
250 nm to 1 μm. In contrast to Cs2CdCl4, which exhibited a
preferred orientation perpendicular to the [001] direction, the
{110} family of planes in Cs3Cd2Cl7 have slightly higher
relative intensities in comparison to the simulated pattern.
While this preferred orientation direction differs from that seen
in most layered compounds (i.e., the layer stacking axis), it has
been observed in other Ruddlesden−Popper phases as particles
and thin films46,47 and therefore is not unexpected. In these
other Ruddlesden−Popper systems, the observation of a
preferred orientation perpendicular to the [110], instead of
[001], direction was attributed to the rate of particle growth.46

It is possible that the observed differences in morphology and
preferred orientation between the Cs2CdCl4 platelets and the
Cs3Cd2Cl7 prisms arises from faster crystal growth kinetics of
the Cs2CdCl4 phase, which can be altered through the
injection rate of cesium oleate, as discussed in further detail
below. It is also possible that slight differences in ligand
binding affinities to the exposed facets of Cs2CdCl4 vs

Cs3Cd2Cl7 could play a role in the observed differences in
morphology and preferred orientation.
The phase-selective synthesis of hexagonal CsCdCl3 and

Ruddlesden−Popper Cs2CdCl4 and Cs3Cd2Cl7, using the same
platform, is significant and important, as different compounds
in the same phase diagram typically have different properties. It
is therefore useful to identify how subtle differences in reaction
parameters lead to phase selectivity. All three reactions involve
the same injection volume of cesium oleate, and therefore the
cesium reagent concentration remains constant. The key
procedural differences, determined on the basis of observations
of experiments run under a variety of conditions, involve
differences in the concentrations of cesium and cadmium, the
injection rate of cesium oleate, and the reaction temperature.
Consider hexagonal CsCdCl3, which forms as a pure phase

when cesium oleate is slowly injected into the solution of
CdCl2 at 300 °C, such that the cesium and cadmium ion
concentrations are equivalent. When this reaction is run at a
lower temperature, cubic CsCdCl3 begins to form, although
not as a pure phase; it is always present, in an ∼1:1 ratio, with
hexagonal CsCdCl3 (Figure S3). Hexagonal CsCdCl3 is the
thermodynamically preferred structure, and so its formation at
a higher temperature is expected, although the observation of
some cubic perovskite-type CsCdCl3 suggests that this
metastable polymorph may be accessible as a pure phase
with further optimization. When the injection rate of the
cesium oleate into the cadmium chloride is increased
significantly, from 1.4 mL/min to 1.4 mL/s, while the same

Figure 3. (a) Experimental and simulated powder XRD patterns for
Cs2CdCl4. (b) Low-magnification SEM image and corresponding
SEM-EDS element maps for Cd, Cs, and Cl. (c) High-magnification
SEM image showing the micrometer-sized Cs2CdCl4 plates and rods.

Figure 4. (a) Experimental and simulated powder XRD patterns for
Cs3Cd2Cl7. (b) Low-magnification SEM image and corresponding
SEM-EDS element maps for Cd, Cs, and Cl. (c) High-magnification
SEM image showing the Cs3Cd2Cl7 platelets.
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cesium and cadmium ion concentrations and 300 °C
temperature are maintained, Cs2CdCl4 begins to form, along
with hexagonal CsCdCl3. Likewise, when the reaction that
forms phase-pure Cs3Cd2Cl7 is carried out with a faster
injection rate (1.4 mL/s instead of 1.4 mL/min), Cs2CdCl4,
the most Cs-rich phase, begins to form (Figure S4). However,
when the reaction that forms phase-pure Cs2CdCl4 is carried
out at the faster injection rate, Cs2CdCl4 still forms (Figure
S5). On the basis of these results, we speculate that a faster
injection rate increases the local concentration of Cs relative to
Cd to begin favoring more Cs rich phases, resulting in the
preferential formation of the most Cs rich phase, Cs2CdCl4, at
faster rates of cesium oleate injection. These observations led
to the identification of the optimized conditions that were used
to generate phase-pure products and also provided some
insights into how the various phases form.
CsCdCl3, which had been previously synthesized as single

crystals, was found in several studies to have a band gap that is
on the order of 5 eV,48,49 which places it in a rare category of
ultrawide-band-gap materials. Anticipating that the different
Cs−Cd−Cl phases would have different band gaps, we used
diffuse reflectance UV−vis spectroscopy to determine the
optical band gaps of our nanoscopic CsCdCl3, Cs2CdCl4, and
Cs3Cd2Cl7 materials. The diffuse reflectance spectra for all
three phases are shown in Figure 5a and Figure S6. The onset

of absorption for all three phases occurs in the range of 225−
275 nm; Cs2CdCl4 has the highest absorption onset at 280 nm,
and Cs3Cd2Cl7 has the lowest absorption onset at 255 nm.
First-principles calculations were performed to determine if

each phase had a direct or an indirect electronic transition. By
calculation of the band structures along the high-symmetry
directions for all of the crystal structures at the PBE level,
hexagonal CsCdCl3 was found to have a direct band gap, while
Cs2CdCl4 and Cs3Cd2Cl7 had indirect band gaps (Figures S7−
S9). Using the square root or square of the Kubelka−Munk
function for indirect vs direct transitions, respectively, the
diffuse reflectance spectra were transformed into the Tauc
plots shown in Figure 5b−d. An analysis of the Tauc plots
indicated that the band gaps of CsCdCl3, Cs2CdCl4, and

Cs3Cd2Cl7 were 5.13, 4.91, and 4.70 eV, respectively. The
observed band-gap values for the cesium cadmium chloride
particles are considerably larger than for cesium lead chloride
nanoparticles, which have band gaps of around 3 eV.1 The
larger band gaps of the cadmium vs lead compounds are
attributed to the larger Cd−Cl vs Pb−Cl electronegativity
differences. The experimental band gap for CsCdCl3,
determined here to be 5.13 eV, falls within the previously
reported range of band gaps for this material.48,49 It is well-
known that semilocal (PBE) calculations significantly under-
estimate band gaps. Therefore, we employed the hybrid
HSE06 functional to achieve higher predictive accuracy. Using
this approach, CsCdCl3, Cs2CdCl4, and Cs3Cd2Cl7 were
calculated to have band gaps of 3.50, 4.20, and 3.43 eV,
respectively, and the HSE06 predictions are thus in reasonable
accordance with experiments. The experimental and computa-
tional band gaps of CsCdCl3, Cs2CdCl4, and Cs3Cd2Cl7 are
larger than 3.4 eV, which places them in the category of
ultrawide-band-gap materials.36 The total and projected
densities of states for all three synthesized phases were also
calculated (Figure S10). It was observed that the valence band
edge for the three structures was primarily composed of the Cl
p orbitals with some added contribution from the Cd d
orbitals. Similarly, for the conduction band edges, the Cd s
orbital was the primary contributor, with additional contribu-
tions from the Cl p orbitals.

■ CONCLUSIONS

Three distinct cesium cadmium chloride compounds were
synthesized as nanoscopic particles using a low-temperature
solution-based method. The hexagonal perovskite-related
CsCdCl3 phase formed as spherical particles and had a direct
band gap of 5.13 eV. The Ruddlesden−Popper phases
Cs2CdCl4 and Cs3Cd2Cl7 formed as anisotropic plates/rods
and rectangular prisms and had indirect band gaps of 4.91 and
4.70 eV, respectively. Phase selectivity was achieved through
differences in the precursor concentrations of cesium and
cadmium ions, the injection rate of cesium oleate, and the
reaction temperature. The injection rate, in particular, was
found to significantly influence the phase that formed; a faster
rate of injecting cesium oleate correlated with the formation of
more Cs rich phases, presumably due to higher local
concentrations of Cs relative to Cd. It is anticipated that this
phase-selective synthesis could be further developed and
modified to produce the types of size- and shape-controlled
nanoparticles that are advantageous for applications as light-
emitting diodes, photodetectors, and lasers. As ultrawide-band-
gap materials, they are especially interesting as potential
components for deep ultraviolet optoelectronics, although the
toxicity of cadmium may limit their practical utility and/or
require methods to ensure stability under operating conditions.
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Figure 5. (a) Diffuse reflectance spectra for CsCdCl3, Cs2CdCl4, and
Cs3Cd2Cl7 particles. (b−d) Tauc plots of CsCdCl3, Cs2CdCl4, and
Cs3Cd2Cl7, respectively, with the experimental band-gap values.
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(31) Wenger, O. S.; Güdel, H. U. Photon Upconversion Properties
of Ni2+ in Magnetic and Nonmagnetic Chloride Host Lattices. Inorg.
Chem. 2001, 40, 157−164.
(32) Filip, M. R.; Giustino, F. Computational Screening of
Homovalent Lead Substitution in Organic-Inorganic Halide Perov-
skites. J. Phys. Chem. C 2016, 120, 166−173.
(33) Ren, P.; Qin, J.; Chen, C. A Novel Nonlinear Optical Crystal
for the IR Region: Noncentrosymmetrically Crystalline CsCdBr3 and
Its Properties. Inorg. Chem. 2003, 42, 8−10.
(34) Seifert, H. J.; Koknat, F. W. Neue Alkalichlorocadmate(II) in
Den Systemen CsCl/CdCl2 Und RbCl/CdCl2. Z. Anorg. Allg. Chem.
1968, 357, 314−324.
(35) Darriet, J.; Subramanian, M. A. Structural Relationships
between Compounds Based on the Stacking of Mixed Layers Related
to Hexagonal Perovskite-Type Structures. J. Mater. Chem. 1995, 5,
543−552.
(36) Tsao, J. Y.; Chowdhury, S.; Hollis, M. A.; Jena, D.; Johnson, N.
M.; Jones, K. A.; Kaplar, R. J.; Rajan, S.; Van de Walle, C. G.; Bellotti,
E.; Chua, C. L.; Collazo, R.; Coltrin, M. E.; Cooper, J. A.; Evans, K.
R.; Graham, S.; Grotjohn, T. A.; Heller, E. R.; Higashiwaki, M.; Islam,
M. S.; Juodawlkis, P. W.; Khan, M. A.; Koehler, A. D.; Leach, J. H.;
Mishra, U. K.; Nemanich, R. J.; Pilawa-Podgurski, R. C. N.; Shealy, J.
B.; Sitar, Z.; Tadjer, M. J.; Witulski, A. F.; Wraback, M.; Simmons, J.
A. Ultrawide-Bandgap Semiconductors: Research Opportunities and
Challenges. Adv. Electron. Mater. 2018, 4, 1600501.
(37) Lu, C.; Wright, M. W.; Ma, X.; Li, H.; Itanze, D. S.; Carter, J.
A.; Hewitt, C. A.; Donati, G. L.; Carroll, D. L.; Lundin, P. M.; Geyer,
S. M. Cesium Oleate Precursor Preparation for Lead Halide
Perovskite Nanocrystal Synthesis: The Influence of Excess Oleic
Acid on Achieving Solubility, Conversion, and Reproducibility. Chem.
Mater. 2019, 31, 62−67.
(38) Perdew, J. P.; Burke, K.; Ernzerhof, M. Generalized Gradient
Approximation Made Simple. Phys. Rev. Lett. 1996, 77, 3865−3868.
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