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Abstract: Here, a new cyano-bridged 3d–4f compound, a Dy(III)–Fe(III) molecular assembly
([Dy(DMF)4(H2O)3(µ-CN)Fe(CN)5.H2O] (1)), having a structure consisting of neutral one-dimensional
(1D) chains, as well as an unbound aqua molecule, was synthesized and characterized using single
crystal X-ray diffraction (XRD), infrared (IR), and elemental analyses. We then examined its struc-
tural topologies and studied its density functional theory (DFT), Hirshfeld surface analyses, and
photophysical properties. The 1D chains were further linked by H-bond interactions, generating a
three-dimensional (3D) motif which stabilizes the whole molecule. The weak interactions in 1 were
assessed using Hirshfeld surface analyses, as well as fingerprint plots and DFT studies. Additionally,
Hirshfeld surface analysis was performed to elucidate the roles of the weak interactions, such as the
H· · ·H, C· · ·H, C–H· · ·π, and van der Waals (vdW) interactions which are pivotal to stabilizing the
crystal environment. Furthermore, the DFT studies were used to elucidate the bonding structure
within the complex system. Complex 1 exhibits characteristic fluorescence as the Dy(III) complex
is an excellent lime green luminescent material. Thus, it is considered to be a suitable material for
preparing photoluminescent material.

Keywords: 3d–4f; one-dimensional Chain; Hirshfeld surface; DFT; hydrogen bonding; luminescence

1. Introduction

The design and syntheses of cyano-bridged 3d–4f heterobimetallic molecular assem-
blies for the development of a wide range of functional materials have attracted tremendous
interest over the past few decades [1–4]. The most frequently utilized homoleptic hexa-
cyanometalates for these syntheses are [M(CN)6]n− compounds (where n = 2 or 3; and
M = Fe, Co, Cr, V, or Mn) [5–7]. The luminescent properties of lanthanide(III)-based
molecular assemblies have attracted substantial attention in the field of crystal engineering
owing to their diverse topologies and intriguing structures [8–10], as well as their unique
photophysical properties due to their 4fn (n = 0–14) electronic configurations [8,11–13].
Lanthanide(III) ions exhibit large anisotropic magnetic moments and possess high coor-
dination numbers and improved coordination flexibilities, which generally contribute to
the production of outstanding metal building blocks in the presence of 3d transition metal
hexacyanometalate ions such as [Fe(CN)6]3− and [Cr(CN)6]3− [5,9,14]. These ions are
commonly employed as complex moieties to prepare the desired 3d–4f hybrid functional
Prussian blue-like complexes via bottom-up self-assembly approaches, thus elucidating the
structure−property relationship of the molecular framework [15,16].

Lanthanide (III) ions generally possess small molar absorption coefficients (this is
due to their well-shielded 4f inner shells) which cause weak interactions between the
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lanthanide ions, thereby generating weak luminescence [8]. The luminescent proper-
ties can be tuned by incorporating a bridging ligand, CN–, between the lanthanide and
transition metal centers to induce a metal-to-metal energy transfer process [17]. To date,
reports relating to the investigation of the photophysical and electronic properties of cyano-
bridged 3d–4f complexes are limited [12,18–21]. Most reports are focused on their magnetic
properties [1,5,7,9,22]. Moreover, due to the interaction between the cyanometalate and
transition metal centers, the electrostatic crystal field influences the energy levels of the
d-orbitals and generates different crystal structures [23]. These complexes exhibit different
bands in the visible region, and are consequently assumed to be promising optical and
photomagnetic materials whose electronic states can be adjusted using visible light [4,16,24].
Moreover, several intrinsic characteristics, such as the luminescence quantum yield (QY),
narrow emission bands, and long emission lifetimes, make it interesting to explore the
unusual photophysical features of the molecular framework [10,25].

The different coordination numbers of lanthanide (III) ions allow their coordination
with solvent molecules to generate polymeric complexes of different dimensions [26]. Fur-
ther, exclusion of solvent molecules can cause the breakdown of the polymeric networks [5].
In this context, several frameworks of varying dimensionalities which were obtained from
hexacyanometalates and lanthanide ions have been investigated, and their stabilities and
dimensionalities have been controlled by a solvent molecule (N,N-dimethylformamide)
and a heterocyclic moiety as a blocking ligand with various stages of hydration [3,14,27,28].
Recently, Chorazy et al. studied the photoluminescence properties of a cyanido-bridged,
layered Dy(III)–Co(III) material by examining the yellow to greenish blue color as tunable
photoluminescence at selected wavelengths [29].

Based on the above, and in furtherance of our ongoing research to develop new
cyano-based complexes [30–33], this work presents the synthesis, structural topologies,
density-functional theory (DFT), and photophysical properties of a cyanide-bridged Dy(III)–
Fe(III) molecular assembly, which was identified as [Dy(DMF)4(H2O)3(µ-CN)Fe(CN)5.H2O]
(1). The structures of 1 were confirmed by its single crystal X-ray diffraction (XRD) patterns
and other analytical and spectroscopic measurements.

2. Experimental Section
2.1. Starting Materials

All of the starting materials, including the solvents, were purchased from commercial
sources as analytical reagents and utilized without further purification. The ultraviolet–
visible (UV−Vis) solid state spectrum of the dried sample was measured using a Shimadzu
UV-3600 spectrometer (Kyoto, Japan). The photoluminescence spectra were obtained from
the solid films, which were prepared by drop-casting an N,N-dimethylformamide (DMF)
suspension of 1 onto a quartz plate and employing a Nanolog spectrofluorometer from
HORIBA Jobin Yvon. Thermogravimetric analysis with differential scanning calorimetry
(TGA/DSC) was performed in a nitrogen atmosphere utilizing alumina powder as the
reference material using a Universal V3.8B TA SDT Q600 Build 51 thermal analyzer (TA
Instruments, New Castle, DE, USA).

Caution! Cyanides are hypertoxic and hazardous and should be handled in small
quantities with great caution!

2.2. Synthesis

A solution of Dy(NO3)3·6H2O (43.8 mg, 0.1 mmol) was first dissolved in methanol
(MeOH, 6 mL), followed by the dropwise addition of K3[Fe(CN)6] (32.9 mg, 0.1 mmol)
in H2O (4 mL) with continuous stirring. The yellow precipitate obtained was dissolved
in DMF (4 mL). The resulting mixture was allowed to stand undisturbed in the dark for
one week, after which yellow block-shaped single crystals of 1 were obtained, which
were suitable for X-ray analysis (yield = 41%). The result of the elemental analysis of
C18H36DyFeN10O8 was as follows: Calculated: C, 29.26; H, 4.91; N, 18.96%. Found: C,
28.97: H, 4.79; N, 18.81%.
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The X-ray crystal structure determination, topological description, and computational
methodology are presented in detail in the supporting information (See the Supplementary
Materials).

3. Results and Discussion
3.1. Investigation of the X-ray Structure

The molecular structures of the synthesized complex were confirmed by single crys-
tal X-ray structure analysis. For the single crystal XRD analysis of complex 1, suitable
crystals were obtained from the slow evaporation of a MeOH:DMF (3:1) solution. The
structure of 1 is shown in Figure 1a, and the crystallographic data are listed in Table 1.
Further, the bond distances and angles are presented in Table 2. The details of the data
collection and refinement are presented in the experimental section. The structure was
solved by a monoclinic system containing a P21/c space group, and the structure consisted
of neutral one-dimensional (1D) chains, in addition to an unbound aqua molecule. Only
one aqua molecule, in addition to a hydrogen-bonded water molecule, was present in the
asymmetric unit. The molecular structure consisted of a cyano-bridge array of Fe(CN)6
and Dy(DMF)4(H2O)3 fragments, which formed heterobimetallic molecular entities that
were linked by a CN−-bridged ligand. Dy(III) is eight-coordinated, with a distorted square
antiprism geometry. Seven oxygen atoms were found to surround Dy+3: three water and
four DMF molecules. Additionally, one H2O ligand was connected to the uncoordinated
H2O molecule via H-bonds. Furthermore, the nitrogen atoms of the bridging CN− ligand
occupied the eighth coordination position. The distance of the Dy–O bond ranged between
2.342(3) and 2.401(3) Å. The distinction in the distances between the Dy–O bonds and
the DMF and water groups was evident (on average, the Dy–O bonds of the latter were
longer by ~0.02 Å and the longest Dy(III)–ligand distance corresponded to the nitrogen
atom of the CN− bridge (2.421(3)). Further, Fe(III) was surrounded by six cyanide lig-
ands in a distorted octahedral environment, and the Fe–C distances ranged from 1.931 to
1.945 Å. The intramolecular distance between the two metals through the CN− bridge was
Dy···Fe = 5.439 Å. The neutral dinuclear units were linked by H-bonds in a three-dimensional
(3D) network. The 3D network altered the [Dy–Fe] dinuclear entities that were linked by
H-bonds between the five terminal CN− groups of the Fe(CN)6 fragment, the three oxygen
atoms of the H2O ligand in the Dy(DMF)4(H2O)3 fragment, and the water molecules of
crystallization. Dy(III) exhibits a coordination number (8) and a square antiprismatic geom-
etry, as shown in Figure S1, and has been further analyzed using the SHAPE program [34]
to reveal the same geometry, as summarized in Table 3, which also shows the distorted
square antiprism (SAPR−8) of Dy(III).

The structure can be simplified into its underlying net in a so-called standard rep-
resentation, in which all the metal atoms and centers of mass of ligands are nodes of
the underlying net [35]. Such a representation indicated that the structure consisted of
molecular monohydrate complexes that formed a 5-nodal 1, 1, 2, 6, 8-c net, with a (1-c)7(1-
c)5(2-c)(6-c)(8-c) stoichiometry of the 1, 1, 2, 6, 8M15-1 topological type (Figure 1b).

The H-bonds with uncoordinated H2O were not the only non-valence bonds within the
structure. As previously described, the molecular complexes were connected by hydrogen
bonds either directly or through the bridging H2O molecules. This necessitated further
analyses to consider hydrogen bonding. In this approach, the binuclear complexes and
H2O bridges, which were considered as the net nodes, were connected by hydrogen bonds.
The representation of the H-bonded standard obtained a 3, 7-c 2-nodal underlying net
(Figure 1c,d). This net was two-dimensional; the layers were parallel to the (1,0,0) planes.
The determined topology type (3, 7L55) occurred three times among all of the known
structures in the standard representations of the H-bonded or specific-bonded molecular
structures, and once in the standard representations of the Coulomb- or vdW-bonded
molecular structures [36–38].
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Figure 1. (a) Molecular complex with a C18H36DyFeN10O8 composition. (b) Standard representation
of the underlying net (right). ZA = H2O, ZB = DMF, ZC = CN, ZD = Fe, ZE = Dy. The hydrogen atoms
that did not participate in the H-bonding were omitted for clarity. The underlying net in the stan-
dard representation of the H-bonded molecular metal–organic frameworks (MOFs) is shown in the
(c) (0,1,0) (left) and (d) (1,0,0) projections. The red spheres represent the molecular complexes; the
yellow spheres describe the H2O molecules. The unit cell of the structure is represented by a blue line.

Table 1. Crystal data and structure refinement for 1.

CCDC Number 2035107

Empirical formula C18H36DyFeN10O8
Formula weight 738.92
Temperature/K 100(2)
Crystal system monoclinic

Space group P21/c
a/Å 13.8891(12)
b/Å 8.8619(8)
c/Å 24.681(2)
α/◦ 90
β/◦ 96.7250(10)
γ/◦ 90

Volume/Å3 3016.9(5)
Z 4

ρcalcg/cm3 1.627
µ/mm−1 2.993

F(000) 1480.0
Crystal size/mm3 0.230 × 0.160 × 0.110

Radiation MoKα (λ = 0.71073)
2θ range for data collection/◦ 2.952–50.1

Index ranges −16 ≤ h ≤ 16, −8 ≤ k ≤ 10, −29 ≤ l ≤ 16
Acquired reflections 16022

Independent reflections 5335 [Rint = 0.0261, Rsigma = 0.0280]
Data/restraints/parameters 5335/0/354

Goodness-of-fit on F2 1.146
Final R indexes [I ≥ 2σ (I)] R1 = 0.0310, wR2 = 0.0733

Final R indexes [all the data] R1 = 0.0317, wR2 = 0.0738
Largest diff. peak/hole/eÅ−3 1.93/−1.07
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Table 2. Selected bond distances (Å) for 1.

Complex 1

X-ray DFT

Dy1–O1 2.384(3) 2.451
Dy1–O2 2.369(3) 2.453
Dy1–O3 2.342(3) 2.437
Dy1–O4 2.357(3) 2.389
Dy1–O5 2.401(3) 2.541
Dy1–O6 2.372(3) 2.398
Dy1–O7 2.347(3) 2.441
Dy1–N5 2.421(3) 2.523
Fe1–C1 1.951(4) 2.204
Fe1–C2 1.940(4) 2.183
Fe1–C3 1.936(4) 2.012
Fe1–C4 1.945(4) 2.013
Fe1–C5 1.943(4) 2.522
Fe1–C6 1.931(4) 2.097

Table 3. SHAPE analyses of Dy(III) in 1.

Structure

[Dy(III)] (SAPR-8) a (DD-8) a (BTP-8) a

1 0.797448 1.476427 4.732264
a SAPR-8: D4d, square antiprism; DD-8: D2d, triangular dodecahedron; BTP-8: D3d, bicapped trigonal prism.

The standard representation of the vdW-bonded molecular structures is as a 3D frame-
work. The unique 6,22-c 2-nodal net obtained (Figure 2a) exhibited an unknown topology
with a point symbol, {313.42}{371.4133.527}. Conversely, the uncoordinated H2O molecules
were much smaller than the complexes, thus barely affecting the packing. Therefore, the
underlying net without consideration of uncoordinated H2O, which also exhibited an
unknown topology, was a 16-c uninodal net (Figure 2b) with the point symbol {345.466.59}.

The DFT method was selected as an alternative way to validate the molecular structure
of 1. The geometrical optimization of 1 was performed without symmetry restrictions on
the compounds, and the optimized structures are shown in Figure 2c. The structural
parameters of the final structures are in good agreement with those obtained by XRD for
similar systems (Table 1).

3.2. IR Spectroscopy

In 1, a broad band around 3415 cm−1 indicated the presence of a water molecule,
as shown in Figure 2d. The stretching frequencies of the C=O bonds, which correspond
to the coordinated DMF molecule, are located at ~1635 cm−1 [30]. The terminal cyano
ligands of [Fe(III)(CN)6] exhibited sharp C≡N stretching bands at ~2096 cm−1; whereas
in the bridging CN− ligands, the stretching bands generally shifted to higher frequencies
because of the depletion of the electron density in the weakly antibonding 5σ orbital of the
CN− ligand. However, in 1, the IR spectra exhibited pronounced C≡N stretching bands
at lower frequencies than those of the [Fe(III)(CN)6] moiety. Complex 1 displayed two
peaks at 2144 (strong) and 2065 (weak) cm−1, which exhibited the presence of two or more
nonequivalent CN− species in the complex, such as the bridging and terminal modes. This
also agrees with the single crystal X-ray structure [39]. Furthermore, the formation of the
heterometallic complex was revealed by the presence of medium intensity (Dy–O) bands
in the far-IR region, at approximately 420 cm−1. The IR spectra also indicated that the +3
oxidation state of iron [40] was maintained in the complex.
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Figure 2. (a,b) Underlying net in the standard representation of the Coulomb- or vdW-bonded
molecular structures, when considering the uncoordinated H2O (left) or not (right). The red spheres
describe the molecular complexes; the yellow spheres describe the H2O molecules. (c) DFT-optimized
structures of 1. H-atoms and H2O were omitted for clarity. (d) IR spectrum of 1. (e) TGA spectrum of 1.

3.3. TGA

TGA of 1 was performed to study the weight-loss pattern in the temperature range of
25–800 ◦C, as shown in Figure 2e; it was found that the weight loss occurred in two steps.
The noticeable weight loss in the temperature range of 100–385 ◦C indicated the removal
of the four water molecules (observed weight loss = 7.9%; calculated = 9.7%), thereby
indicating that 1 exhibited high thermal stability. Subsequently, 1 began to decompose
around 400 ◦C; this is consistent with the results of other similar complexes [30].

3.4. Mass Spectrometry (MS)

The complex was unambiguously characterized by MS analysis. The electrospray
mass spectra of the copper complex revealed the molecular ion peaks, and also exhibited
other peaks which were due to the successive fragmentation of the complex, as shown in
Figure S2. The mass spectrum of 1 exhibited molecular ion peaks at 480, which correspond
to {[Dy(DMF)4(H2O)3(µ-CN)Fe(CN)5.H2O]–3DMF.2H2O + 4H+}ν, caused by the removal
of labile DMF and the aqua molecules.

3.5. Powder XRD (PXRD)

Meanwhile, the PXRD data of Complex 1 matched well with that simulated from the
single crystal data, which demonstrated that the bulk samples have the same structure as
the single crystal X-ray sample, proving the phase purity; as also shown via ESI, Figure S3.

3.6. Analysis of the Frontier Molecular Orbitals (FMO)

Frontier molecular orbitals (FMOs), i.e., the highest occupied MOs (HOMOs), and the
lowest unoccupied MOs (LUMOs), are pivotal in demonstrating the chemical reactivity,
kinetic stability, and electrical transport properties of a molecule. The low degree of
intramolecular charge transfer (ICT) from the electron-donating groups to the electron-
accepting ones correlated with a small HOMO–LUMO gap. A large HOMO–LUMO energy
gap indicates that molecules are highly stable, as demonstrated by their lowered reactions
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to chemical and biochemical responses. Molecular systems with a high energy of HOMO
(EHOMO) are good electron donors, whereas those with low ELUMO are good electron
acceptors. The calculated energy gap between HOMO and LUMO for 1 was −1.83 eV.
Furthermore, a major part of the LUMOs was centered on the coordinated DMF moieties,
while the HOMOs were mainly localized on the Fe+3 and the CN− ligand (Figure 3).

Figure 3. FMO involved in the electronic transitions that were observed in time-dependent DFT
(TDDFT)-calculated UV–Vis spectrum of 1.

3.7. Hirshfeld Surface Analyses

CrystalExplorer is an essential tool for examining the structures of crystals; it visualizes
the interactions within crystal structures through the Hirshfeld surface and fingerprint
plots [41]. The Hirshfeld surface was mapped by dnorm (normalized interaction distance),
which was normalized from de (the nearest external distance), di (the nearest internal
distance), and the van der Waals (vdW) radii from the atoms to the surface [42]. The
surface area was the same as the one obtained from de (the nearest external distance).
The fingerprint plots were obtained from the 3D Hirshfeld surface, which avails a visual
overview of the frequency of any combination of de and di on the surface of a molecule.
Thus, they exposed the intermolecular interactions that were present, and depicted the
details of the relative surface area of each interaction.

The Hirshfeld surfaces of 1 are shown in Figure 4 and represent the surfaces that
were plotted around a dnorm range of −0.53 to 1.28 Å, a shape index of −1.0 to 1.0 Å, and
a curvedness of −4.0 to 4.0 Å. The dnorm factor is exhibited as a red–white–blue surface
color scheme, while the deep red-colored spots depict shorter contacts, e.g., H-bonding.
The white zones denote the vdW interactions for separations such as the H . . . H contacts,
and the blue regions are those that are devoid of close contacts. The red regions, which
correspond to C–H . . . π interactions, and the ‘bow-tie patterns’, which indicate the presence
of aromatic stacking (π . . . π) interactions, can be examined on the Hirshfeld surface that
was mapped with a shape index function [43]. The curvedness of the surface corresponds
to the electronic densities of the curved surface around the molecular contacts. In the dnorm
surface of 1, the prevalence of the blue and white surfaces over the red ones indicates that
the hydrophobic interaction due to the aromatic ring was dominant. The dark red- and
blue-colored spots are distributions in the shape index of the surface that correspond to the
C–H . . . π interactions in 1.
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Figure 4. Hirshfeld surfaces of 1 mapped with dnorm (A), shape index (B), and curvedness (C).

Figure 5 displays the fingerprint plots, split into atom pair close contacts. This analysis
permits the distinction of contributions from different interactions, which overlap in the full
fingerprint. For 1, the proportions of the H . . . H, O . . . H, C . . . H, and N . . . H interactions
comprised 39.50%, 7.20%, 15.40%, 10.20%, and 37.10% of the total Hirshfeld surface of each
molecule, respectively.

Figure 5. Two-dimensional fingerprint plots of the interatomic interactions of 1 displaying the
percentages of the contacts that contributed to the total Hirshfeld surface area of the molecules.
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3.8. Absorption Spectrum

The effect of the interaction between Dy(III) and Fe(III) ions through cyano-bridges
resulted in a different charge distribution, i.e., the decreasing extent of π back-donation. As
elucidated by these results, this effect, which is a combination of structural and electronic
factors, was observed for specific Dy(III) elements that were remarkable for the ground
states of the complex. The UV–Vis absorption spectra of the Dy(III)–Fe(III) complex system
investigated was carried out in a DMF solvent in the range of 220–700 nm at room tem-
perature (Figure 6a). There were two major absorption peaks at 266 and 310 nm, followed
by a shoulder, which was due to the π–π* transitions of the DMF ligand and low-spin
[Fe(CN)6]3. It was evident that the coordination bonds of the [Fe(CN)6]3 moiety were via π

back-donation, in which five 3d electrons that occupied the t2g orbitals were donated to
the unoccupied π* orbitals of the cyanide ligands. In the case of the Oh symmetry, the 3d
electron configuration of Fe(III) was t5

2g e0
g, and the configurations of the 2p orbitals of the

cyanide ligands were t1g, t1u, t2g, and t2u. Following the excitation of the cyanide electrons
to the π* orbitals (formed from the unoccupied t1g, t1u, and t2u orbitals), which were associ-
ated with metal-to-ligand CT (MLCT) from the t5

2g orbital in Fe(III) to the unoccupied π*
orbitals in the cyanide ligands, the π back-donation was probably weakened by t electronic
repulsion in the unoccupied π* orbitals. In the Vis region, the spectrum was dominated by
two low energy bands that were centered at 430 and 575 nm, which corresponded to the
4F9/2 → 6H15/2, 13/2 transitions that were responsible for the lime green emission of these
molecules. The absorption bands that were due to the f –f transitions of Dy(III) became
weak as they were obscured by the strong transition of the ligand.

Figure 6. (a) UV–Vis absorption and (b) luminescence spectra of 1 at room temperature (λex = 300 nm).

3.9. Steady-State Luminescence Study

The luminescent properties of lanthanide complexes are of great interest, owing to
their unique light emission which originates from their 4f core-like orbitals [2,44–46]. In
particular, a cyanide-bridged heterobimetallic system is an attractive candidate for the
harnessing of photoluminescent properties, since the short inorganic CN− linkage can
strongly couple with two metal centers, thus inducing efficient metal-to-metal and metal-
to-ligand CT (MLCT) processes. Dy(III)-based luminescent materials have been reported to
exhibit strong luminescence [18]. However, the luminescent properties of cyanide-bridged
Dy(III)–Fe(III) heterobimetallic systems have scarcely been studied. Upon excitation at
300 nm at room temperature, the fluorescence spectrum of 1 exhibited one characteristically
structured intense emission band at 343, and two weak bands at 465 and 540 nm (Figure 6b).
The sharp emission band at 343 nm was ascribed to the intramolecular energy transfer
from the ligand to the emitting energy state of Dy(III) [47]. However, the weak emission
bands at 460 and 530 nm correspond to the 4F9/2 → 6H15/2 and 4F9/2 → 6H13/2 transitions
of the 4f electrons of Dy(III), respectively [47]. Thus, it was inferred that the appearances of
the weak characteristic emissions of Dy(III) and Fe(III), and the fluorescence of the ligand,
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might be due to the competition between the fluorescence of the ligand and the energy-
transfer process from the lowest triplet state of the ligand to the excited states of Dy(III)
and Fe(III), which are responsible for the apparent lime green emission of this system.
Complex 1 exhibited characteristic fluorescence, thereby presenting the Dy(III) complex as
an excellent lime green luminescent material that could be considered for applications in
organic light-emitting devices (OLEDs) and medical diagnostics.

4. Conclusions

A new 1D complex, 1, was synthesized and structurally characterized to form alternat-
ing bridging cyanide ligands, i.e., the compounds consisted of 1D chains in which Dy(III)
and Fe(III) were linked in an alternating fashion. These chains were further linked by
H-bond interactions, which generated a 3D motif that stabilized the molecule. These inter-
actions were validated by Hirshfeld surface analysis. In 1, the H . . . H, O . . . H, C . . . H, and
N . . . H interactions comprised 39.50%, 7.20%, 15.40%, 10.20%, and 37.10% of the total Hirsh-
feld surface of each molecule, respectively. Owing to the availability of a significant number
of hydrogen atoms in the compound, and because of the non-planarity of the molecular ge-
ometry, several hydrogen atoms were at distances that were less than the sum of their vdW
radii. Thus, they actively contributed to the stability of the supramolecular architecture,
and consequently stabilized the molecule. Further computational studies (DFT) supported
the experimental observations. The excellent luminescence property of the complex avails
it as a suitable material for constructing photoluminescent materials for exploring intrinsic
optical properties. The reported complex, and similar complexes, are suitable materials
for constructing magnetic materials whose uses, such as for quantum computing and
information storage, could be further studied. We anticipate further research on these types
of materials for the development of advanced multifunctional materials.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cryst12121821/s1, Figure S1: Schematic representation of
the distorted square antiprism coordination environment of the Dy(III) metallic center in
([Dy(DMF)4(H2O)3(µ-CN)Fe(CN)5.H2O] (1)); Figure S2: Mass spectrum of complex 1; Figure S3:
Powder XRD patterns of simulated (blue, up) from the single-crystal data and powder XRD patterns
of experimental (red, down) of the complex 1.
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