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ABSTRACT

In the present work, we discuss the synthesis of nontoxic Mn(Il) halide coordination
polymer and explore the potential light emission properties for solar-cell devises through
experimental and computational studies. The crystal structure was unveiled through Single
Crystal Diffraction, whereas physical properties were investigated by means of thermal,
spectroscopic, magnetic, optical and photoluminescence measurements. The observed left-
right handed helical structure is built up from an infinite 1-D chains of Mn(II) octahedra. The
polymeric network is stabilized through inter-molecular hydrogen bonding interactions and
n---m face-to-face interactions. Furthermore, ferro-antiferromagnetic ordering has been proven
through magnetic measurements. A deep investigation of the photoluminescence study reveals
the presence of a bright bluish light emission with corresponding CIE color coordinates of
(0.27, 0.35), CCT value of 8092 K and a very high CRI value of 96. The origin of this intense
light emission is mainly attributed to the occurrence of the resonant energy and charge
transfer processes between Triazolate ligand and inorganic Mn-Cl sub-lattices. Such behavior
leads to the conversion of Frenkel excitons localized within the organic part to Mott-Wannier
excitons localized in inorganic clusters. Based on these results, we strongly believe that the

elaborated material can be a promising candidate for eco-friendly electronic applications.

KEYWORDS : Coordination polymer, left-right helical, photoluminescence, bright light

emission, CIE color, resonant energy.



INTRODUCTION

Solid-State Lighting (SSL) has recently emerged as one of the foremost vital technologies
that can greatly improve our daily lives due to its energy-saving, compactness, high efficiency
and eco-friendliness. Being made through yellow phosphor coated blue LEDs or red, green
and blue phosphor integrated UV LEDs. The currently commercialized SSLs are commonly
white light-emitting diodes (LEDs) *. However, these strategies used to achieve white
emission have many drawbacks, such as reduced self-absorption efficiency, changes in
emission color, attenuation of individual components, and reduced color rendering. Taking all
this into consideration, the development of single-component emitters seems to strongly
stimulate the vast-ranged scientific community to further synthesize white luminescent

materials with high stability, excellent color rendering and high luminous efficiency >*.

In particular, halide-based hybrid materials have gained tremendous attention due to their
unusual structural diversity and outstanding optoelectronic properties. These materials have
exhibited interesting properties in many technological applications in different fields,
including WLEDs, laser cooling, light-emitting transistors, and photovoltaic solar cells '''°,

Recently, lead halide hybrid perovskite materials have attracted much attention because of
their photoluminescent and optoelectronic properties!®2?!. Among them, Elleuch et al. and
Mitzi et al. synthesed perovskite-like materials with the general formula
(TAE)2[Pb2Clio](C1)222 and (H2AEQT)PbCls 2, respectively. These latter that showed the
highest CRI and important efficient solid state solar cells absorber. Despite their remarkable
performance, lead halide hybrid perovskite materials have been limited in their practical
applications due to the environmental concerns and pollution about employing toxic metals
like Pb(II) ?*. In order to resolve this issue and to reduce environmental pollution, scientific
researchers have attempted to find a feasible alternative for lead. In particular, luminescent
halide-based coordination polymers are identified as a new and ideal candidate for WLEDs
due to their wide range of structural diversity and exotic optical functionalities. Their various
self-assembly modes, multiple emitting centers, and their friendly environments, that benefit
from the combination of organic ligands and non-toxic metal nodes, makes them a highly
emissive candidate?>!. Besides, the short coordination links between organic ligands and
inorganic entities as well as the nature of the organic linkers will foster the appearance of
resonance energy transfer (FRET) which is the main responsible for the WL emission process
33, At present, only a few WLED hybrid coordination polymers have been investigated so far.

W. Ouellette et al. have reported a series of 3-D crystalline structures based on copper with



the formula [Cux(Trz)Br2]** and [Cus(Trz)s(H20):]F2** [Cus(Trz);OH][CuzBrs] 3* that
demonstrate a good photo-physical properties and bright light emission. In 2022, a
coordination polymer based on copper with the general formula {[(Cul)(Hptdp)]sa-H20}s>!
prepared by Yu, M.X. et al. revealed an exceptional helical structure and a dual white light
emission process, a CCT of 3632 K and a CRI of 93.4. Regarding these previously reported
research, only a limited number of Mn-based Wight light absorbing coordination polymers
have been investigated so far.

Aside from these targeted optoelectronic properties, magnetic properties can also be
introduced into these crystalline coordination polymers through an adequate selection of the
organic ligands and the functional nodes, which makes them potential candidates for various
applications including electromagnets, and electromagnetic wave propagation®>4!,

As part of our ongoing research and in order to improve these findings, we report a novel
one-dimensional non-toxic Mn(II) hybrid halide coordination polymer with the general
formula Mn(p2-Trz)(n2-Cly), that exhibits impressive bluish light emission properties, and the
highest CRI value. The crystal structure, thermal decomposition, spectroscopic analysis,
magnetic properties were investigated. Photo-physical studies of the title compound as well as
the Trz.Cl organic salt supported by density functional theory calculation were investigated in
order to fully understand the origin of the bluish light emission process and explore these

results toward the development of light emitting diodes.

1. EXPERIMENTAL DETAILS
1.1. Synthetic approaches

Chemical reagents were purchased from a commercial source (Sigma-Aldrich) and used as
received without further purification: Manganese (II) chloride tetrahydrate (MnCl.4H>O,
99%), 1,2,4 Triazole (C2H3N3,98%).


https://www.sigmaaldrich.com/catalog/substance/manganeseiichloridetetrahydrate197911344634911
https://www.sigmaaldrich.com/catalog/substance/manganeseiichloridetetrahydrate197911344634911

An aqueous solution of MnCL.4H>O (13.8 mg, 0.7 mmol) was added dropwise to an
ethanolic solution of Trz (0.34 mg, 0.5 mmol) with stirring. The mixed solution was
transferred in a Teflon-lined stainless-steel autoclave, heated at 150 °C for 2 days under
autogenous pressure. The resulting white crystals were filtered, washed with distilled water
and ethanol five times in order to remove all extra impurities. Finally, crystals were dried at
40°C in a vacuum oven for 15 h. The SEM images of the synthesized crystals are reported in
Figure S1.

1.2. Thin-film preparation

Thin-films of Mn(Il)-based complex were prepared through the spin coating technique.
Crystals were dissolved in 1.5 ml of ethanol and then spin-coated on solid quartz at 2500 rpm
for 10 s. The prepared film was then annealed at 90 °C in order to remove the residual ethanol

solvent.
1.3. Single Crystal X-ray data collection

A single crystal of Mn(u2-Trz)(p2-Cl2) with dimensions (0.3x0.25x0.15) was selected
under a polarizing microscope and measured with Bruker Kappa APEX II diffractometer
using Mo-Ka radiation (A= 0.71073 A). Intensity data were collected at 293 K in the 3.4° <0
< 27.5 ° range. The crystal structure was solved in the orthorhombic system with the centro-
symmetric space group Imma. Metal transition atom Mn(II) was fixed using Patterson method
with the SHELXS-97 program*' within the WINGX crystallographic software*> Nitrogen,
carbon and chloride atoms were found from successive Fourier calculations and refined
during the final cycles with anisotropic thermal parameters using the SHELXL-2018 #*
(Sheldrick 2018) program. Aromatic hydrogen atom positions were calculated using a riding
model, with N-H = 0.86 A and C-H = 0.93 A. Furthermore, the structural graphics were

made using the OLEX2 *° and Diamond programs “°.

Crystallographic details for the Mn(Il)-based complex are summarized in Table S1.
Atomic positional parameters and anisotropic factors (Ueq/Uiso) and full tables of selected

bond lengths and angles are depicted in the supporting information file (Tables S2 and S3).
1.4. Thermal analyses and IR Spectroscopy

The thermal stability of the coordination polymer was investigated through TGA measured
under O> atmosphere at a heating rate of 10°C min™!. Measurements were performed by
heating 3.081 mg of a powdered sample from 303K to 773K. The differential scanning
calorimetry (DSC) measurements were performed in air atmosphere using a SETARAM

differential scanning calorimeter of the STA 449C type.



FT-Infrared measurements were recorded in frequency ranges 400-4000 cm™ using a
Perkin-Elmer FT-IR Spectrum at room temperature. The solid compound was pressed into

pellets after dilution with KBr.
1.5. Magnetic measurements

Magnetic studies were conducted using Quantum Design MPMS3 SQUID magnetometer
developed at Louis Néel Laboratory. Measurements were carried out in a temperature range of
2-400 K under a magnetic field of 499.7 Oe. Isothermal M(H) data were conducted at 2K in
the field range of 0= +11 kOe.

1.6. Optical measurement

Solid states room temperature photoluminescence measurements (P1) were recorded using

a JOBIN YVON HR 320 spectrophotometer under 266 nm excitation wavelength.

Three main characteristics are used in order to define the white light stability. The first one
is the "CIE" (Commission Internationale d'Eclairage) parameter, which is the most frequently
used approach for describing the constituents of any color based on the three primaries (green,
blue and red) coordinates. The second and third parameters are the ’CCT” (Correlated Color
Temperature), which measures the color appearance of a light source and the “CRI” (the
Color Rendering Index) is a numerical value that describes the appearance of the color to the

naked eye when irradiated through a light source.

The optical absorption measurements (OA) of the complex and Trz.Cl salt was performed
at ambient conditions on spin-coated film using a conventional UV—vis spectrophotometer

(HITACHI, U3300).

Room temperature photoluminescence excitation (PLE) was performed on a Fluoromax-4

Spectro-fluorimeter equipped with a xenon lamp as an excitation source.
1.7. Computational methods

DFT calculation were conducted using the Wien2k package. The Kohn-Sham equation was
solved using all-electron full-potential linearized augmented plane wave. The radius of
Muffin-Tin (RMT) was chosen to be 2.2, 1.6, 0.9, 1.1 and 0.53 a.u for Mn, CI, C, N,
respectively. The plane wave cutoff value of Kmax = 3/RMT was taken for a wave function in
the interstitial region. Convergence was checked via self-consistency. The convergence was

achieved for less than 0.01 mRyd per formula unit.



2. RESULTS AND DISCUSSION
2.1. Insight into the structure Aspects

The X-ray single crystal diffraction analysis reveals that the coordination polymer
crystallizes in the orthorhombic space group Imma and features a novel 1D framework. As
shown in Figure S2, the form unit is made up of one Mn(Il) atom, one fully aromatic Trz
ligand, and one guest of chloride anion. The Mn(Il) center exhibit {MnN>Cls} distorted
octahedral geometry. Within this polyhedron, four Cl anions fill the equatorial plan, while the
axial sites are occupied by two donor nitrogen atoms arising from chelating Trz group (N,
N1’). As represented in Table S2, the axial Mn-N and Mn-Cl bond lengths are 2.229 (7) and
2.5659 (2), respectively. These Mn-N bond distance are very close the Mn-N distance of
2.2403(1)- 2.2473(1) observed in the H{Mn¢(BTA)sCls] - (H20)4 complex *'. In addition, the
CI-Mn-Cl bite angles range from 87.80 (2)° to 180°, exhibit significant deviation from ideal
octahedral bite angles and those of N-Mn-N formed by nitrogen atoms in trans-position are
180°. These facts clearly justify the distortion of the ideal octahedral geometry around Mn (II)
centers and assume an axially compressed polyhedron. Such phenomenon is due to the Jahn-
Teller effect. Therefore, the calculated mean values of the distortion indices for these two

octahedral are IDgmetal - ligand) = 0.0137 A. These values are calculated using the following

_x( b

di—dm

formula : IDg n.dm

, where, di: the Mn-ligand bond length. Bond distances and
angles between metal and ligands are comparable to those found in previously reported M(II)-
based compounds 47-°. The {MnN>Cls} octahedral are edge-sharing via two chloride atoms to
form centrosymmetric dimers. In addition, the value of the cis angle varies from 83.96 (6) to
84.79 (5) °, respectively. Such results are due to the electrostatic repulsion between
neighboring metal cations. Thus, the shortest intermetallic distance separating two metallic
polyhedra Mn... Mn is of the order of 3.4156 A (Figure 1) which may reflect interesting

magnetic interactions.

Generally, The Trz ligand and its derivatives form easily a poly-nuclear cluster through
their various bridging modes. They are also known to crystallize by forming 1-D chains °!*2,
In our title complex, the Trz rings adopt a bis-chelating p2:m'm! mode bridging the two
metallic centers via the Ni, Ni’-sites. Besides, each chloride ions adopt a p»-Cl bridging
fashion. Interestingly, these various coordination modes give birth to an infinite double left-

right handed helical 1D chain (a, B-helix) stacking along the b axis direction (Figure 2).



Furthermore, the study of the crystal packing of the material clearly reveals that the
polymeric network is stabilized through intermolecular hydrogen bonding interactions. In
fact, the aromatic Trz ligands are connected to the chloride ions through two types of
hydrogen bonds: N-H...Cl and C-H...Cl. Distances and bond angles characterize the
hydrogen bonds are reported in Table S4. Moreover, the helical coordination polymers are
stabilized through w...m interactions particularly face-to-face interactions along the b-axis
arising between two adjacent aromatic Trz ligands generatrf from two successive chains. The
inter-planar distances between two centroids (dcg;...cg») are approximately 3.5976 A (Figure
S3). Besides, the Mn-Mn inter-chain distance is 10.333 A. When considering these hydrogen
bonds and m...m stacking interactions involving adjacent Trz ligands and chloride ions, we
may consider the formation of a periodic pseudo 3-D polymeric network along the (¢, @) plane

as represented in Figure 2.
2.2. Thermal analyses and FT-IR Spectroscopy
The TGA-DSC profiles of the Mn(II) halide complex, as reported in Figure 3, indicate an

initial mass loss detected between 380K and 481K approximately, corresponding to the
release of the organic ligand. During this process, the sample lost 23% of its weight. This
latter is accompanied by two successive endothermic peaks observed on the DSC curve at
around 416K and 493K. Such phenomenon leads to the collapse of the polymeric network.
This peak is then followed by two steps of weight loss accompanied by two endothermic DSC
signals, corresponding to the sublimation of HCI. Beyond this temperature, a decomposition
of MnO; oxide is observed in the 482-750 K range (42.5 %) and followed by an exothermic
peak at 642K.

The vibrational study through room temperature infrared spectroscopy was undertaken in

order to obtain more information about the structure feature.

The infrared spectrum of the title compound is shown in Figure S4. According to previous
work on similar compounds *-*2, the FT-IR spectrum of the Mn(II) complex exh exhibits a
broad absorption peak at 3138 cm™!, which is assigned to the C-H vibration of the Trz ligand.
The vibration peak at 2867 cm™! is attributed to the NH» stretching of the complex. In
addition, the characteristic peak at 1640 cm™! is assigned to the SNH» bending. A series of
intensity bonds ranging from 601 to 1529 cm™ are associated with the vibration modes of the

aromatic skeleton.



2.3. Magnetic study

To gain further insight about the magnetic properties, the variable-temperature magnetic of
the ¥T product under a magnetic field of 499.7 Oe is illustrated in Figure 4a. At 400K, the T
value is 0.01787 emu mol! K Oe! which is close to the spin-only value expected for two

magnetically uncoupled Mn(II) cores with S = 5/2 and g=2.

Upon cooling from 400 to 2K, the ¥T product increases monotonically until reaching a
maximum of 0.02 emu mol! K Oe! to 227 K, below which it begins to decrease. This
behavior suggests the presence of magnetic order of spin-orbital coupling interactions

mediated through bridging p»-Cl and p2-Ni, No-Trz ligands in the low temperature region.

Figure 4.b depicts the temperature dependence of the magnetic susceptibility and
reciprocal susceptibility (x(T) and y'(T)) of the crystalline compound. The former rises
smoothly with decreasing temperature until it reaches a maximum of 0.047 emu mol! Oe™! at
22K. Below this temperature, the susceptibility plot drops abruptly, reaching a value at 3K,
then it increases until reaching a value of 0.041 emu mol! Oe™! at 2K. In the paramagnetic
region, the magnetic data follows the Curie-Weiss law described by the following relation y
=T/(T-0). A linear fit of y! cures between 80 and 300 K gives a Curie constant of C=0.3534
(5) emu K mol™! and a Weiss constant of -45.8 K. In fact, the negative value of the Weiss
temperature suggests the presence of antiferromagnetic interactions. The unexpected increase
in Temperature below 3K clearly indicates a change in magnetic behavior, which could be due
to canted antiferromagnetic exchange interactions (known as weak-ferromagnets) between
neighboring Mn(Il) carriers. This phenomenon is may be due to the distorted environment of
the central atoms. Indeed, the magnetic interaction at high temperatures is dominated by
antiferromagnetic coupling interactions, whereas the low-temperature magnetic behavior is
attributed to a week ferromagnetic correlation attributed to the spin canting behavior. These
different interactions are already observed for similar hybrid materials >33,

The theoretical value of the Curie constant uz,l}f( up) predicted for one Mn (II) center (s =

N g2uj S(S+1)

5/2, g = 2) is obtained by the following relation: C = K

, where k: Boltzmann's
constant, N: the Avogadro’s number, uB: the Bohr magnetron).

The value of the effective magnetic moment pefr of the complex deduced from the Curie
constant according to the following expression u:’;l;( up) = (8C)!? is 4.47uB.

The field-dependence of the isothermal magnetization of the sample at 2 K which

represents the hysteresis loops is depicted in Figure 4.c. The M(H) plot steadily rises until



reaching a saturation value of 7.5 puB per formula unit at 1kOe. In fact, this value is
considerably lower than expected for two Mn (II) atoms with S = 5/2 and g=2 which supports
the occurrence of antiferromagnetic ordering as well as the canted ferromagnetic coupling

exchange interaction mediated through bridged Mn-CI-Mn.
2.4. Photo-physical investigation

One of our concerns is to correlate the crystal structure with their physical properties,
optical studies have been conducted therefore. Figure 5 illustrates the room temperature
solid-state photoluminescence spectra measured under a 266 nm excitation source for the
complex as well as the Trz.Cl organic salt used as a reference. The deconvolution of the
normalized PI spectrum of the sample shows a bright bluish emission, Gaussian-shaped bond,
around 464 nm (2.67 eV) accompanied by two weak shoulders at around 408 nm (3.04 eV)
and 503 nm (2.46 eV). Furthermore, the Pl spectrum of the organic salt shows a single strong
band in the UV region at around 374 nm (3.31 eV). By comparing the Pl spectrum of the
complex with that of the corresponding Trz.Cl, we can conclude that bands around 408 and
374 nm are associated with the n-n* transition within the organic Trz ligands, while the two
shoulder bands located around 464 and 503 nm are attributed, respectively, to the inorganic
excitons confined within Mn(II) octahedral and to the d-d-type electronic transition produced
by ((£g)® (eg)* — (t2g)* (eg)1) transition 663,

It is to be noticed that the large blue-shift stocks (~34 eV) and the full width at half
maximum (FWHM) observed in the emission spectrum of the organic salt compared to that of
the complex are due to the significant distortion caused from the Jahn Teller effect within

Mn(1II) octahedral.

For the title compound, the broad-band emission yields to CIE color coordinates of
(0.27, 0.35). The emitted color is visualized on the CIE 1931 chromaticity diagram (Figure 6.
a, b). In addition, the correlated color temperature (CCT) is 8092 K which corresponds to a
cold bluish light, and a high color rendering index (CRI) value of 96. Interestingly, the CRI
value is equal to 96, which is among the highest values other compared to hybrid perovskite
materials CRI values (Table 1) and surpassed even the high CRI indexes above 90 reported
by several mixed-phosphor light sources. It is noteworthy to mention that most commercial
WLEDs at present have a CRI values of approximately 80, which is considered adequate for
daily lighting usage. However, Wight Light (WL) emission with a CRI > 90 is recommended
in specific industries, including cosmetic sales counters, surgery, museum exhibitions, and

also in cinematography %7,



According to Table 1, hybrid chloride materials reveals the highest CRI value which well
agreed with the Dohner % et al. hypothesis that chloride substitution improves the light
emission properties of the materials especially the CRI parameter. As a matter of fact, the
broad bluish light emission as well as the high CRI value clearly reveals that the synthesis

complex is a good candidate for a large area of lightning industrial application.

Figure 7.a illustrates the normalized absorption spectra (OA) of the complex and the
organic salt measured at room temperature. The OA spectrum of the complex shows a broad
intense band with a maximum intensity at 323 nm (3.8 eV) accompanied by two weaker
bands around 432 nm (2.8 eV) and 485 nm (2.55 eV). For the OA spectrum of the Trz.Cl salt,
a sharp signal edge was observed at 286 nm (4.33 eV). The comparison of these two spectra
clearly shows that band located at 323 and 286 nm are associated with the n-w transition of the
organic ligand. Besides, the band located at 432 nm is assigned to the inorganic excitons
confined within the metal halide ions which are typically characteristic of the well-known
Wannier-type excitons. Finally, the band located at 485 nm is due to the d-d electronic

transition.

The PLE spectrum reveals the presence of a sharp excitonic band at 305 nm (4.06eV), in

good agreement with the absorption measurements, associated with the n-n* transition.

These observations clearly reveal an occurrence of an energy transfer process where the

organic and inorganic entities contribute to the emission process.

It is known that the RET process (or electronic energy transfer) is a radiative or non-
radiative interaction mechanism describing the energy transfer that occurs from a
luminophore donor molecule in its excited states with high band HOMO-LUMO Gap to an
acceptor chromophore molecule with a smaller band HOMO-LUMO Ga%%2, The efficiency
of this process depends on the distance between the donor and the acceptor molecules and the
spectral overlap between the donor emission and the acceptor absorption spectra. It is to be
mentioned that the RET mechanism can be accompanied by a charge transfer process when
the donor and acceptor entities are separated by a distance of few angstroms. This
phenomenon has been already observed in previously reported metal-halide perovskite
materials comprising aromatic cations such us (C¢Hi3N3)PbBrs , (C3HsNg)PbCls ¢!, and
[C6N2H5]3BiCls ®2. In order to confirm these contribution, we superposed the PL spectrum of
the complex and its OA spectrum (Figure 7.b). As reported in this figure, a significant
overlap is observed between the emission band associated with the triazolate ligands (n-m*

intra-ligand transition) and the absorption band of the Mn-Cl groups. In addition, the crystal



structure investigation shows that these entities are linked to each other through coordination
interactions, indicating that the distance between them is approximately 2.23(2) A, which

fosters the RET as well as the charge transfer processes.

Density of State modeling

In order to better understand the contribution of the resonant energy transfer process, we
carried out DFT simulation. The partial density of states (P-DOS) of inorganic moieties (Mn
(IT) and chlorine atoms) and organic moieties within the complex are plotted in Figure 8a, b
respectively. A careful examination of the valence band (VB) of the sample shows that this
latter is composed of C(2p) and N(2p) atomic orbitals mixed with a low contribution of Mn
(3s) and CI (3s) states. The conduction band (BC) comes from the 4p states of Mn and 3p
states of Cl as well as a minor contribution from anti-binding interactions of C(2p) and N(2p).
Note that the Mn(3s) and CI(3s) states are located between -1.0 eV and the Fermi level (0 eV)
while the HOMO levels of C(2p) and N (2p) states are located between -0.7 eV and 0 eV. We
notice the appearance of sharp sub-bands composed of Mn (4p) and Cl1,2 (3p) states around
1.5and 2.2 eV.

These latter are perfectly superposed in terms of energy with anti-binding C(2p) and
N(2p) states within the Trz organic groups. Such theoretical investigations suggest a strong
interaction between the inorganic and organic groups, thus confirming the occurrence of
energy transfer and charge transfer processes between the two sub-lattice. In order to better
describe the excitonic recombination process within this complex, we have examined the
energy diagram leading to the strong bluish luminescent emission of the sample (Figure 10).
In this diagram, the RET process has been characterized in terms of the HOMO-LUMO
transitions of the organic ligand on the first hand and the excitonic transition of the inorganic

clusters on the other hand.

In a first step, the charge carriers localized within the organic ligands in their valence band
are excited from the binding & to the anti-binding n* levels, creating Frenkel-type excitons.
Simultaneously, electrons located within the inorganic valence band are excited to the 3p
Manganese orbitals of the conduction band. These electrons form holes, leaving in the BV
inorganic exciton quasi-localized within the Mn-Cl inorganic cluster. These latter are

supposed to be of Mott-Wannier type exciton %6163,

Furthermore, the energy of the organic Frenkel exciton is resonantly transferred, through a
non-radiative process, to the inorganic groups. Thus, the population of charge carriers of the

inorganic groups located in the BC increases, leading to the increase of the Mot-Wannier



exciton density. Then, the radiative process occurs and the recombination of the electron-hole
pairs takes place within the inorganic levels. Thus, the RET process can be described as a
conversion of Frenkel type exciton (Trz ligands) to the Mett-Wannier type exciton (inorganic
Mn-Cl groups) (Figure 9).

Conclusion

The main conclusion of the present work is to investigate a novel eco-friendly
coordination polymer based on Mn(Il) for interesting applications in the fields of
optoelectronics. The single-crystal structure investigation showed that the structure packing
consists of an unusual 1D helical crystal formed through edge-sharing Mn(II) octahedron
linked through triazolate and chloride ligands. Furthermore, hydrogen bonds as well as m...n
interactions between neighboring helical chains contribute to the pseudo-3-D polymeric
network. A deep investigation of the magnetic properties revealed the coexistence of ferro and
antiferromagnetic interactions between metal clusters. In fact, magnetic interaction at high
temperature is dominated by antiferromagnetic coupling, while at low temperature, the
deviation from the antiferromagnetic state showed weak ferromagnetic interactions. Besides,
the photoluminescence study revealed the presence of strong bluish light emission with a very
high CRI value of 96. The optical absorption study supported by DFT calculation revealed the
presence of an RET process between organic and inorganic sub-lattices, leading to the
conversion of Frenkel excitons localized within the organic part to Mott-Wannier excitons

localized in inorganic clusters. Such behavior resulted in the intense emission of the complex.

We believe that the present work paves the way for the construction and design of novel
coordination polymers that can potentially be a suitable alternative to hybrid perovskite
materials to achieve environment-friendly solar cells, enrich the restricted WLED materials

list and /or for the design of novel electromagnetic devices.
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Highlights

Crystal structure study reveals an unusual 1-D left-right handed helical crystal
structure formed through edge-sharing Mn(II) octahedra.

Magnetic properties reveal the occurrence of antiferromagnetic and spin canted
interactions between metal clusters.

Photoluminescence study reveals the presence of bright bluish light emission with
very high CRI value.

Optical study supported by DFT calculation confirms the presence of resonant energy

transfer process between organic and inorganic sub-lattices.



Figures
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Figure 1: a. View of the one-dimensional substructure of Mn(u2-Trz)(u2-Clz), b. The
coordination sphere of Mn(II) centers forming a distorted octahedral

B-helix o helix

Helical

Figure 2: View of the polymeric network along the b axis showing the left-right handed helix
chains
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Figure 3: TGA-DSC curves for Mn(u2-Trz)(p2-Clz)
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Figure 4. a Variation of T data as a function of temperature, b. Temperature dependence of
the susceptibility and reciprocal susceptibility for the Mn(p2-Trz)(pn2-Clz) compound, ¢. The
field-dependence of the isothermal magnetization at 2 K
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Table

Table 1. Light emission characteristics of previously reported halide based hybrid materials

Light emission characteristics

Hybrid Compound Pl CIE (x, y) CCT (K) CRI
(NMEDA ) PbBrs %8 2.22 0.36, 0.41 4669 82
C4N2H1s PbBrs © 2.61 0.21,0.28 21392 63
(CsHoNH3)2PbCls 7 2.28 0.37, 0.40 4423 86
(CsH14N2)PbCls-H20 7! 2 0.39, 0.37 3445 94
CsH12N3PbCls 72 2.16 0.36, 0.37 4203 93
(TAE)2[Pb2Cl10] (C1)222 251 0.30, 0.33 6741 96
Mn2(p2-Trz)(p2-Clz) 2.67 0.27,0.35 8092 96
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