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Mn-based organic-inorganic hybrid metal halides have attracted extensive attention due to their excellent
luminescence properties, easy processing, low cost, and non-toxicity. Herein, we effectively improved the
luminescence properties and stability of the [CsH14N],MnBr4 adopting the chlorination effect. Specifically,
through the introduction of chlorine atom on the cations, the Mn-Mn distance in [CgH;3NCl],MnBr, in-
creases from 8.061A to 8.668 A, thereby suppressing excitation energy transfer between adjacent Mn*
centers and enhancing the overall luminescent efficiency from 38.8% to 74.5%. Further experimental and
theoretical analyses reveal that such chlorination effect increased the H.--Cl interactions, significantly im-
proving the environmental stability of Mn-based metal halides. Moreover, compare to [CgH14N],MnBry,
the CIE chromaticity coordinates of [CgH;3NCl],MnBr, are much closer to the NTSC green standard (0.23,
0.69). Our work provides new insights into the relationship between the cation structure and optical

properties in Mn-based metal halides and sheds light on the design of stable metal halide materials.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia
Medica, Chinese Academy of Medical Sciences.
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In recent years, organic-inorganic metal halides (OIMHs) have
received intensive and continuous attention owing to their unique
photoluminescence and electroluminescence properties in various
fields such as solar cells, light-emitting diodes (LEDs), biological
imaging, anti-counterfeiting labeling, scintillators, and sensors [1-
10]. Among them, lead (Pb)-based metal halides have shown re-
markable potentials in liquid crystal backlight displays and solid-
state lighting due to their excellent optical properties (high photo-
luminescence quantum yield, narrow emission linewidth, tunable
optical bandgap), outstanding defect tolerance and simple syn-
thesis procedures [11,12]. Despite the great advances of Pb-based
metal halides, they still suffers from two major problems, i.e., the
poor stability and the potential toxicity of the heavy metal Pb,
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which have become the biggest obstacles to their large-scale com-
mercial applications [13,14]. Therefore, the development of new
environmentally friendly, efficient, and stable metal halide materi-
als with excellent luminescence property has become an imminent
task [15-18].

Manganese (Mn)-based OIMHs offer not only the key advan-
tages of Pb-based materials, such as high emission quantum effi-
ciency, facile synthesis, and low cost, but also exhibit long-lived
phosphorescence emission, friction luminescence, and low toxicity.
These attributes make them ideal alternatives to Pb-based metal
halide fluorescent materials [19-22]. In general, Mn-based OIMHs
can achieve green and red emission by changing the crystal field
strength. According to the crystal field theory, the coordination of
Mn?2+ ions with organic molecules has a great influence on the op-
tical properties. Due to the change of coordination environment,
d-state leaps from Mn2* ions “T;-%A; can relax with different
emission colors [23-26]. The octahedrally coordinated Mn(II) with
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higher field strengths exhibits low-energy red emission, while the
tetrahedrally coordinated Mn(Il) with lower field strengths exhibits
high-energy green emission [27,28].

Human eyes are more sensitive to green and can even dis-
tinguish slight changes in hue [29]. Under this circumstance, it
is crucial to design high-performance green emitters with the
desired emission wavelength and bandwidth, high photolumi-
nescence quantum yield (PLQY), and excellent thermal stabil-
ity [30,31]. Generally, the OIMHs always display broad emission
spectra due to the strong electron-phonon coupling in their soft
and deformable lattices [32]. However, Mn-based OIMHs gener-
ally maintain relatively fixed emission characteristics. This is be-
cause the luminescence properties of Mn2* ions are primarily gov-
erned by their coordination environment and exhibit relatively low
sensitivity to lattice distortion [33]. That is, modulating polyhe-
dral distortion through strategic selection of organic ligands al-
lows for precise control over emission peak positions in Mn-based
OIMHs. Additionally, choosing different organic cations can con-
trol the inter-Mn tetrahedron distances, thereby suppressing ex-
citation energy transfer between adjacent Mn?* centers and en-
hancing the overall luminescent efficiency. Therefore, by selecting
different organic cations to fine-tune the structural distortion of
Mn-coordinated tetrahedron and their distance, ideal green light
emission can be achieved.

Inspired by the polyhedron regulation in OIMHs, we selected
1-methylpiperidine CgH;3sN and 4-chloro-1-methylpiperidine
CgH1>CIN as organic ligands to combine with Mn2* ions, synthesiz-
ing two 0D compounds, [CgH4N];MnBry and [CgH13NCl];MnBry.
Structural and luminescence analysis results indicate that both
compounds contain isolated [MnBrs]* tetrahedron, leading to
bright green emission. The structural transformation caused by
changes in organic cations not only enables fine-tuning of the
emission color but also increases the distance between [MnBr4]*
tetrahedron, effectively suppressing excessive energy dissipation
and yielding a nearly doubled PLQY (from 38.8% to 74.5%). Further
experimental and theoretical analyses reveal that, compared to
[CeH14N]*, the introduction of [CgHi3NCI|* increased the H..-Cl
interactions, significantly improving the environmental stabil-
ity of [CgHy3NCl];MnBry. Under ambient conditions (30%—60%
RH and 10-23°C), the crystallinity of [CgH3NCl]l;MnBrs re-
mains unchanged after being placed for 4 months. Moreover,
[CeH13NCl];MnBr4 exhibits an emission color closer to the stan-
dard green light compared to [CgH4N],MnBr4. Our work provides
insights into the polyhedral regulation of luminescence properties
in OIMHs and offers guidance for the design and optimization of
novel, efficient, and stable metal halide luminescent materials.

Two single-crystal compounds were obtained through a cool-
ing crystallization method by selecting CgH;3sN and CgH,CIN
cations, respectively. The bulk crystals of [CgHi14N],MnBrs and
[CeH13NCl],MnBr, appear green and transparent under natural
light. Both of them exhibit bright green light emission under
365nm excitation (Fig. S1 in Supporting information). Single-
crystal data analysis (Table S1 in Supporting information) revealed
that [CgH14N],MnBr, belongs to the monoclinic crystal system
with a centrosymmetric space group of P2¢/c (Fig. 1, left), while
[CsH13NCl];MnBr4 belongs to the orthorhombic crystal system
with a polar space group of Pna2; (Fig. 1, right). The PXRD pat-
terns of [CgH14N],MnBr4 and [CgH13NCl];MnBr, match well with
their simulated XRD patterns, confirming the high purity of these
synthesized compounds (Fig. S2 in Supporting information). De-
tailed analysis of the single-crystal structures indicates that both
compounds exhibit a typical OD crystal structure. In this structure,
four Br— ions coordinate with one Mn?* ion to form an isolated
[MnBr4]?- tetrahedral unit. The cations ([CgH14N]* or [CgH13NCI]+)
not only separate the tetrahedral units within the structure but
also serve to maintain charge balance. Due to the introduction
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Fig. 1. Schematic demonstration of the crystal structures of [CsH14N],MnBr, (left)
and [CsH13NCl];MnBry (right).

of chlorine atoms, the Mn-Mn distance increases from 8.061A to
8.668 A.

In order to study the mechanism of luminescence, pho-
toluminescent excitation (PLE), photoluminescent (PL) and
ultraviolet-visible (UV-vis) absorption spectra were collected
based on the two compounds. As a result, the PLE spectrum
of [CgHi4N],MnBrs reveals multiple absorption transitions at
277, 292, 363, 376, 437, 453, and 470nm (Fig. 2a). These tran-
sitions correspond to the following Mn2* electronic transitions:
BA1(S) = 4Ay(F), ®A1(S)—*Ty(F), ©A{(S)—“E(D), SA;(S)—“A,
4E(G), 6A;(S)— 4Ty(G), and 6A;(S)— 4T¢(G), respectively [34]. The
absorption spectrum of [CgHi4N],MnBr4 (Fig. 2b) also confirms
the existence of these transition absorptions. The optical band
gap of [CgH14N],MnBr, is calculated to be approximately 2.38 eV
based on the Kubelka-Munk (K-M) function. Furthermore, under
excitation at 363 nm, [CgH14N],MnBr, exhibits narrowband green
emission at 533 nm with a full width at half maximum (FWHM)
of 62nm. The emission peak positions under different excitation
wavelengths (Fig. S3a in Supporting information) remain nearly
unchanged, confirming that [CgH4N];MnBr, has a consistent
green emission source originating from a single luminescent cen-
ter. Furthermore, the PL decay curves of [CgH4N],MnBr4 (Fig. S4a
in Supporting information, Aex=363nm, Aem=533nm) exhibit
a single exponential decay profile. The fitted millisecond-scale
lifetime (0.27 ms) matches the characteristic radiative transition of
Mn2* ions, directly proving that the 533 nm emission arises from
Mn?2+ centers [35].

Although the PLE spectrum of [CgHi3NCl],MnBr4 is roughly
the same as that of [CgH14N],MnBry4, the PL emission character-
istics of [CgH3NCl];MnBr4 are significantly different from that of
[CeH14N];MnBr4, with the PL peak center wavelength shifted to
522nm and the FWHM reduced to 48 nm (Fig. 2d). In addition,
the light absorption range of [CgH13NCl],MnBry is slightly broader
than that of [CgH14N],MnBry4 (Fig. 2e). Its optical band gap is calcu-
lated to be approximately 2.25eV based on the K-M function [36].
The excitation dependent spectra and the fitting results of PL decay
lifetime of [CgH13NCl];MnBr, also prove that the emission comes
from Mn2* ion (Figs. S3b and S4b in Supporting information). The
blue shift in peak position and the narrowing of the FWHM can
be attributed to the chlorination effect, which causes [CgH{3NCI]|*
to occupy a larger space compared to [CgH4N]*, leading to an en-
hanced ordering in the [CgH3NCl],MnBr,4 crystal. This results in an
increase in the Mn-Mn distance and enhanced ligand electroneg-
ativity, which intensifies the splitting of Mn2* jon energy levels,
thereby increasing the excitation energy and causing the blue shift.
At the same time, the interaction and energy dissipation between
Mn2* ions are reduced, leading to a more concentrated emission
and a narrower FWHM. Additionally, the reduction in the distor-
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Fig. 2. (a) PLE and PL spectra of [CgH14N],MnBr,. (b) UV-vis absorption spectrum and optical band gap of [C¢H4N];MnBry. (c) PLQY of [C¢H14N];MnBry. (d) PLE and PL
spectra of [C¢Hy3NCl];MnBry. (e) UV-vis absorption spectrum and optical band gap of [C¢H13NCl],MnBry. (f) PLQY of [CsHy3NCl],MnBr.

tion of the [MnBrs]® tetrahedron, which weakens the electron-
phonon coupling, also contributes to the blue shift and narrowing
of the FWHM (Fig. S5 in Supporting information).

In addition to the change in PL characteristics, the PLQY of
[CeH13NCl],MnBr4 nearly doubled compared to [CgH14N],MnBry,
increasing from 38.8% to 74.5% (Figs. 2c and f). This significant
change in PLQY can be attributed to the effect of different cations
on crystal structure. Specifically, compared to [CgHi4N]*, the sub-
stitution of a hydrogen atom with a chlorine atom in [CgH{3NCI]*
causes a change in the electron cloud, making [CgHi;3NCI]* oc-
cupy a larger space. This change leads to an increase in the near-
est Mn-Mn distance from 8.061A to 8.668A. The degree of over-
lap between electron clouds decreases, and the dipole-dipole in-
teraction and the symmetry-guided spin-exchange interaction are
weakened, resulting in a reduction in the energy transfer process
between adjacent Mn?* centers [37]. This is equivalent to reduc-
ing concentration quenching without the need to use dopant ac-
tivator ions, which is beneficial for achieving a higher PLQY. Ad-
ditionally, a double-peak phenomenon appears in Fig. 2c. This is
due to the significant distortion of the [MnBry]% tetrahedron in
[CsH14N];MnBry, which creates a complex local lattice environ-
ment and enhances electron-phonon coupling (manifested as a
large S value), promoting the stable formation of self-trapped ex-
citons (STEs). These STEs recombine through different energy val-
leys or phonon-assisted channels, generating a secondary emission
peak above 600nm in addition to the intrinsic peak, resulting in
a double peak. In [CgH13NCl],MnBr4, the introduction of chloride
atoms alters the interaction between the cations and [MnBr4]%" an-
ions, suppressing excessive tetrahedral distortion. This weakens the
electron-phonon coupling (a small S value), making it difficult to
stabilize multi-channel recombination of STEs, and only the intrin-
sic single peak is observed.

To further explore the electron-phonon coupling of
[CeH14N];MnBr, and [CgHi3NCl],MnBry, we investigated their
temperature-dependent PL in a range of 80-300K (Figs. 3a and
d). As the temperature increased, the PL intensities of both
[CeH14N];MnBr4 and [CgHq3NCl],MnBr, gradually decreased. This
phenomenon is due to the fact that the non-radiative recom-
bination centers become active upon heating and capture more
photogenerated carriers, thus reducing the probability of radiative
transitions. Moreover, compared with [CgH;3NCl],MnBry4, the PL
peak position of [CgHi4N],MnBr, exhibited an obvious blue shift,
and the FWHM of the emission band increased significantly with

the increase in temperature. Generally speaking, in a 0D structure,
the blue shift is mainly caused by the decrease in crystal field
strength resulting from the thermal expansion of the host lattice
[38]. The compound [CgHy4N],MnBr, exhibits more pronounced
thermal expansion due to differences in the cation structures and
interactions. The [CgH4N]* cations primarily interact through
weak van der Waals forces, resulting in a highly flexible structure.
Upon heating, thermal motion easily breaks these weak interac-
tions, causing a significant expansion of the lattice. In contrast,
the [CgH3NCI]* cations experience stronger interactions, facili-
tated by the chloride atoms. These interactions enhance both the
cation-cation and cation-anion bonds, thus restricting the lattice
and minimizing thermal expansion. Consequently, [CgH14N],MnBr4
shows significant thermal expansion, which leads to a blue shift
in its luminescence. In addition, the increase in temperature also
leads to more excited electrons diffusing to higher vibrational
energy levels and then undergoing radiative transitions back to the
ground state from these different energy levels, thereby widening
the FWHM of the emission band.

Next, we analyzed two key values related to temperature. First,
the Huang-Rhys factor S is determined by fitting the below formula
[39].

hw h
FWHM(T) = 2.36v/Sh@pnonony/ cOth ﬁ 1)

where FWHM(T) is the full width at half maximum at the ex-
perimental temperature, S is electron-phonon coupling, fiwpnonon
is the phonon frequency, Kg is the Boltzmann constant, and T is
the experimental temperature. Based on the fitting of Eq. 1, the
HUang-RhyS factors (S) for [C6H14N]2MHB1'4 and [C6H13NC1]2MHBT4
are calculated to be 15.85 and 7.89, respectively (Figs. 3b
and e). A comparison reveals that the chlorination effect leads
to a significant reduction in the electron-phonon coupling in
[CeH13NCl],MnBr4. This is due to the fact that chlorination makes
the [MnBr4]?" tetrahedral structure more regular, reducing the lo-
calized phonon modes induced by lattice distortion, weakening the
electron-phonon energy exchange, and consequently leading to a
significant decrease in the S value from the PL spectrum fitting.
This confirms the correlation between structural distortion and
coupling strength. This result also supports the inference that the
weakening of the electron-phonon coupling contributes to the blue
shift in the emission peak and the narrowing of the FWHM. The re-
duction in electron-phonon coupling can be attributed to the larger
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Fig. 3. (a) Temperature-dependent PL spectra of [CsH14N],MnBry4. (b) FWHMs of [CsH14N];MnBry as a function of temperature under heating conditions. (c) PL intensities of
[CeH14N]2MnBry as a function of 1/T under heating conditions. (d) Temperature-dependent PL spectra of [CgH3NCl],MnBr,. () FWHMs of [CgH3NCl[,MnBr, as a function
of temperature under heating conditions. (f) PL intensities of [C4H;3NCl];MnBr, as a function of 1/T under heating conditions.

space occupied by [CgH13NCI]", which enhances the structure or-
dering and reduces the distortion of the [MnBr,]> tetrahedron,
thereby decreasing the interaction between electrons and lattice
vibrations [40,41]. The relationship between PL intensity and tem-
perature was further fitted using the Arrhenius equation:

I(t) = Io/(1 + Ae~B/Ti%) "

where I(t) is the PL intensity at the experimental temperature, I
is the PL intensity at OK, A is a constant, Ky is the Boltzmann con-
stant, Ey, is the exciton binding energy. By applying Eq. 2 for fit-
ting, the fitted E,, value of [CgH14N],MnBr, is 88.88 meV (Fig. 3c),
and the fitted E,, value of [CgH3NCl],MnBry is 59.01 meV (Fig. 3f).
Both of these values are higher than the room temperature ther-
mal energy (~25 meV), indicating that both materials can stably
form excitons. A larger Ey, value means that excitons do not easily
dissociate before radiative recombination, thus increasing the prob-
ability of radiative recombination and facilitating efficient lumines-
cence. [CgHy3NCl],MnBr4 exhibits a higher quantum yield because,
on one hand, the introduction of chlorine atoms increases the Mn-
Mn distance, reducing energy dissipation between adjacent tetra-
hedra. On the other hand, the weaker interaction between elec-
trons and lattice vibrations reduces the non-radiative recombina-
tion probability and increases the radiative recombination proba-
bility. In contrast, [CgH14N],MnBry, although having higher exciton
stability, has enhanced electron-phonon coupling, which increases
the potential non-radiative transition pathways, thus limiting its
quantum yield.

To further clarify the PL mechanism, we investigated their elec-
tronic structures and energy transition mechanisms. Firstly, we
analyzed the band structures of [CgHi4N];MnBry (Fig. 4a) and
[CeH13NCl],MnBr,4 (Fig. 4b) adopting the density functional theory
(DFT) calculations. For [CgH14N],MnBr,4, the valence band maxi-
mum (VBM) and the conduction band minimum (CBM) are not lo-
cated at the same K-point, which indicates that this material has
an indirect band gap. This means that phonons are required to
participate in the recombination of electrons and holes for lumi-
nescence, so its luminous efficiency will be affected to some ex-
tent. However, for [CgH3NCl];MnBry, the VBM and CBM are lo-
cated at the same K-point, demonstrating an obvious direct band
gap characteristic. This implies that when the material absorbs en-
ergy, electrons can directly transit from the valence band to the
conduction band, making it easier to generate photons.

Furthermore, we <can also find that the
of [CgHy3NCl[;MnBr, (1.86eV) is smaller than that of
[CcHi4N];MnBry (2.24eV). This is because the electron-
withdrawing atom Cl significantly stabilizes the conduction
band energy of the compound. The increase in the band gap
caused by lattice expansion is less than the decrease in the band
gap caused by the stabilization of the conduction band energy of
the compound. The calculated band gaps are all lower than the
experimentally obtained ones because standard DFT calculations
usually underestimate the band gaps of materials. As shown in
Figs. 4d and e, both the VBM and CBM of [CgH4N],MnBr,; and
[CcH13NCl],MnBr,4 are mainly composed of Mn-d and Br-p orbitals.
Therefore, the D-d transition is the main optical transition process
in both materials (Fig. 4c).

The environmental and thermal stability of metal halides
are critical determinants for their practical implementation in
optoelectronic devices. To systematically evaluate these prop-
erties, we conducted comprehensive stability assessments on
both [CgH14N];MnBry and [CgH13NCl],MnBr, compounds. Thermo-
gravimetric analysis (Fig. S6 in Supporting information) demon-
strates distinct thermal stability profiles: [CgH4N],MnBr, main-
tains structural stability below 175 °C, while the chlorinated com-
pound [CgHq3NCl];MnBr, exhibits enhanced thermal resistance,
showing negligible decomposition up to 212°C. Complementary
environmental stability tests under ambient conditions (30%—60%
RH and 10-23°C) further highlight improvement of stability. As
shown in Figs. 5a and d, [CgH14N];MnBr4 suffers severe moisture-
induced degradation after four months’ air exposure, whereas
[CcH13NCl],MnBr, retains its morphological integrity. This obser-
vation is corroborated by XRD analysis (Fig. S7 in Supporting in-
formation), where the chlorinated compound [CgH;3NCl],MnBr4
maintains phase purity comparable to its pristine state, confirm-
ing superior crystallinity stability. The substantial improvement in
both thermal and environmental stability through chlorine incor-
poration. Chlorinated cations establish stronger intermolecular in-
teractions with the [MnBr,]> framework, effectively stabilizing the
crystal lattice against thermal decomposition. Furthermore, the en-
larged molecular volume and enhanced hydrophobicity of chlori-
nated cations create a protective surface barrier. This dual mecha-
nism physically isolates the [MnBr4]? centers from environmental
reactants (e.g., H,0, O,), thereby suppressing oxidation and hydrol-
ysis pathways. Such structural engineering provides a generalizable
strategy for developing stable metal halides.

band gap
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[CeH14N];MnBry (blue star), [CgHy3NCl,MnBr, (red star) and green standard (black circle). (f) PL spectra of LED based on [CgH14N],MnBr, were driven at different powers.

Building upon these stability enhancements, we fabricated
light-emitting diodes (LEDs) to evaluate the materials’ optoelec-
tronic potential. Fig. 5b presents comparative images of opera-
tional devices under ambient and driven (3.2V) conditions. Chro-
maticity analysis reveals a significant spectral shift upon chlorine
substitution: The CIE coordinates transition from (0.34, 0.61) for
[CsH14N];MnBry4 to (0.23, 0.69) for the chlorinated compound (Fig.
5e), approaching the standard green emission (0.21, 0.71) speci-
fied in the CIE 1931 chromaticity diagram. Notably, both mate-
rials exhibit excellent color stability under varying drive powers
(Figs. 5c and f), with emission intensities showing linear corre-
lation to input power (a critical characteristic for high-brightness
applications). The corresponding fitting plots are shown in Fig. S8
(Supporting information). The combination of enhanced environ-
mental resilience and stable electroluminescent performance po-
sitions these Mn-based OIMHs as promising candidates for solid-
state lighting technologies.

Moreover, to investigate the molecular mechanisms underly-
ing the luminescence enhancement and stability of the chlorinated
compound, we conducted a systematic Hirshfeld surface analysis

on their organic cations. Both materials share identical [MnBr4]%
tetrahedron, enabling focused comparison of cation-driven interac-
tions. Fig. 6 displays surfaces color-mapped by intermolecular dis-
tances: red (less than van der Waals radii sum), white (near van
der Waals radii sum), and blue (greater than van der Waals radii
sum). In the [CgH4N]* system, the H---H contact dominates the in-
termolecular interactions with a contribution of 63.4%, far exceed-
ing the H---Br (36.5%) and other weak interactions (H---Mn only
0.1%) (Fig. 6a). This high proportion of H.--H contacts significantly
enhances the Coulombic repulsion between the cations, leading to
a more loosely packed lattice structure.

After introducing the chlorine atom, the H---H contact ratio in
[CeH13NCI]* decreases to 42.7 %, while a new H..-Cl interaction ap-
pears, contributing 21.9%. This reorganization of interactions cre-
ates a more balanced attractive-repulsive network: H---Br (32.2%)
and H---Cl cooperatively enhance the cation-[MnBr4]?~ host-guest
attraction, while the optimized H---H ratio (42.7% vs. 63.4%) ef-
fectively alleviates the cation repulsion (Fig. 6b). X-ray refinement
analyses reveal that chlorination substantially reduces the Mn-Br
bond length deviation from 0.069A to 0.012A (Fig. S5). The spe-
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Fig. 6. Hirshfeld surface and fingerprint plots for (a) [CsH14N]* in [CsH14N];MnBry, (b) [CsHy3NCl]* in [CgHy3NCl];MnBry.

cific bond lengths are shown in Tables S2 and S3 (Supporting
information). This structural optimization arises from the strong
electronegativity of Cl (Pauling x =3.14) [42], which enhances
electrostatic coupling between organic cations and the [MnBr4]%
framework via electronic polarization effects, thereby suppressing
Jahn-Teller distortions in the Br coordination environment. This
suppressed Jahn-Teller distortion correlates with tighter molecu-
lar packing and uniform force distribution, fostering robust hydro-
gen bonding and van der Waals networks. The resultant defect-
minimized crystalline architecture directly accounts for the ob-
served enhancements in both environmental stability and fluores-
cence quantum yield.

In summary, we have successfully designed two 0D Mn-
based OIMHs ([CgH14N],MnBr4 and [CgH13NCl],MnBr,4) and effec-
tively improved the luminescence performance and stability of
[CeH13NCl],MnBr4 through the chlorination effect. Both of them
exhibit green light emission under 363 nm excitation, which is
attributed to the d-d transition (*T;—8A;) of the tetrahedral co-
ordinated Mn2* center. The presence of the Cl atom leads to
an increase in the occupied space of [CgHy3NCl]*, thereby sup-
pressing excitation energy transfer between adjacent Mn2t cen-
ters, resulting in an approximately one-fold increase in PLQY (from
38.8% to 74.5%). Additionally, [C¢H;3NCl],MnBr4 demonstrates su-
perior environmental stability due to the increased H---Cl inter-
actions. Moreover, [CgH3NCl];MnBr, possesses CIE color coordi-
nates (0.23, 0.69) closer to the NTSC green standard compare to
[CeH14N];MnBry. Our work not only provides new insights into
the relationship between the structure and optical properties of
manganese-based metal halides but also offers a promising mate-
rial for next-generation optoelectronic applications.
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