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Abstract—Neodymium and dysprosium perylene complexes LnI(Per)(DME)2⋅Per (Ln = Nd, Dy) were
obtained for the first time by the reaction of the Ln diiodides with perylene in dimethoxyethane. The struc-
ture of dysprosium complex was established by X-ray diffraction (CCDC no. 2184200). Experimental–theo-
retical electron density analysis was performed to specify the type of coordination between the dysprosium
cation and perylene in DyI(Per)(DME)2⋅Per. Despite the identical composition, the Nd and Dy complexes
have different structures, which is reflected in their luminescence properties.

Keywords: neodymium, dysprosium, perylene, X-ray diffraction, photoluminescence, experimental–theo-
retical electron density analysis
DOI: 10.1134/S1070328423700471

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) attract
the attention of researchers due to a number of unique
properties. Owing to the planarity of molecules and
the extended system of conjugated π-bonds, they are
effective donor components in donor-accepror mate-
rials both in the solid state and in solutions [1–3].
Good optoelectronic properties make PAHs applica-
ble in advanced fields of photonics and electronics as
materials for organic light-emitting diodes (OLEDs),
field-effect transistors, and photovoltaic cells [4–8].
PAHs can also serve as synthetic precursors for the
synthesis of fullerenes, carbon nanotubes, nanog-
raphene and so on [9]. In recent years, the interest in
the development of new materials based on perylene
chromophores has been revived because of their
exceptional chemical and photochemical stability
[10], high f luorescence quantum yields [11], and the
broad range of colors available via introduction of sub-
stituents into the perylene core [12]. Currently, most
studies in this field are devoted to readily available
perylene tetracarboximides [13–15], perylenetetracar-
boxylic acid, and its anhydride [16–18], in which
metal atoms are linked to the perylene ligands via
functional groups. A few papers also describe com-
pounds in which the metal atom is π-bonded directly
to the perylene core [19–23]. The metal compounds in
which the metal is σ-bonded to the aromatic perylene
core have been little studied. Most of these com-
pounds contain transition metals (Pd, Pt) and are
obtained from bromo-substituted perylene derivatives
[24, 25]. Organometallic lanthanide compounds with

perylene ligands had not been obtained by the begin-
ning of our studies.

EXPERIMENTAL
The synthesis was carried out under conditions rul-

ing out the contact with air oxygen and moisture using
the standard Schlenk technique. Dimethoxyethane
(DME) was dried with sodium benzophenone ketyl by
a standard procedure and withdrawn in vacuum
immediately prior to use. TmI2, NdI2, and DyI2 were
obtained by known procedures [26, 27]. Elemental
analysis for C and H was carried out on an Elementar
Vario ELcube analyzer. Because of the exceptional
instability of the obtained organolanthanide com-
pounds in air, the data of C, H elemental analysis were
poorly reproducible. Therefore, the compounds were
analyzed only for metal and iodine by complexometric
titration. IR spectra were recorded on an FSM-1201
FTIR spectrometer in the 4000–400 cm–1 range. The
samples were prepared as mineral oil mulls. The
absorption spectra were measured in a 1-cm quartz
cell on a PerkinElmer Lambda-25 spectrometer in the
range from 200 to 700 nm. Photoluminescence (PL)
spectra were recorded on a USB2000 spectrometer on
excitation with a diode laser at 405 nm. ESR spectra
were run on a Bruker Magnettech MS5000 spectrom-
eter equipped with a standard cavity and operating at
~9.5 GHz. The magnetic moments were measured at
room temperature on an instrument manufactured in
the laboratory, based on the Faraday method, using
comparison with known samples, as described earlier
[28]. The error of measurements did not exceed 5%.
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258 BALASHOVA et al.
Synthesis of DyI(Per)(DME)2⋅Per (I). DME
(15 mL) was recondensed into a mixture of perylene
(0.0273 g, 0.11 mmol) and DyI2 (0.090 g, 0.26 mmol)
powders. As the reaction mixture was continuously
stirred and heated from –45 to –10°C, the solution
gradually acquired a violet-burgundy color. After the
mixture was kept for 2 h at –10°C, DyI3(DME)3 pre-
cipitated as a light gray solid. The solution was
decanted from the precipitate, which was washed with
cold DME and dried in vacuum. The yield was 70 mg
(89%).

The solution was concentrated to half of the vol-
ume. On cooling down to –20°C, a small amount of
crystals suitable for X-ray diffraction precipitated. The
crystals were separated by decantation, washed with
cold DME, and dried in vacuum. The solvent was
completely removed from the solution, the remaining
dark burgundy-colored solid was washed with cold
DME and dried. The yield was 67 mg (63%).

IR (KBr; ν, cm–1): 1282 m, 1249 w, 1237 m,
1206 w, 1187 m, 1153 w, 1111 m, 1083 m, 1068 s,
1023 s, 969 m, 850 s, 826 s, 809 s, 572 w, 556 m, 462 m.

Synthesis of NdI(Per)(DME)2⋅Per (II) was carried
out similarly to I starting from perylene (34 mg,
0.13 mmol) and NdI2 (107 mg, 0.27 mmol) in DME.
The yield was 76 mg (61%).

The IR spectrum of complex II was similar to the
spectrum of I.

X-ray diffraction study of I was carried out on a
Bruker D8 Quest automated diffractometer (MoKα
radiation, ϕ- and ω-scan mode, λ = 0.71073 Å). Col-
lection of diffraction data, initial reflection indexing,
and refinement of unit cell parameters were performed
using the APEX3 software [29]. The experimental sets
of intensities were integrated using the SAINT soft-
ware [30, 31]. The SADABS program [32] was used to
apply absorption corrections. The structure was solved
by the direct methods with the dual-space algorithm
in the SHELXT program [33]. The non-hydrogen
atoms were refined by full-matrix least-squares on 
in the anisotropic approximation using the SHELXTL
program package [34, 35]. The hydrogen atoms,
except for H(1) and H(20), were placed in the geomet-
rically calculated positions and refined in the riding
model (Uiso(H) = 1.5Uequiv(C) for the CH3 groups,
Uiso(H) = 1.2Uequiv(C) for other groups). The H(1) and

For C48H44O4IDy
Anal. calcd., % Dy, 16.68 I, 13.03
Found, % Dy, 16.37 I, 13.61

For C48H44O4INd
Anal. calcd., % Nd, 15.09 I, 13.27
Found, % Nd, 15.34 I, 13.55

2
hklF
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H(20) atoms were located from the difference Fourier
electron density maps and refined in the isotropic
approximation. The crystal of I was found to contain
non-coordinated perylene molecules in 1 : 1 ratio
to Dy. The main crystallographic characteristics and
X-ray diffraction experiment details for I are summa-
rized in Table 1, and selected bond lengths and angles
are in Table 2.

Additional crystallographic data for I was depos-
ited with the Cambridge Crystallographic Data Centre
(CCDC no. 2184200; http://ccdc.cam.ac.uk/struc-
tures/).

Crystal invariom for complex I. Single-point DFT
calculations for the periodic 3D structure of
DyI(Per)(DME)2⋅Per (I) were carried out with the
B3LYP exchange correlation functional [36, 37] in the
CRYSTAL17 program [38] using a mixed all-electron
basis set representing modified DZP with missed
g-functions for Dy [39] and I [40] atoms, and
6-31G(d,p) basis set for C, O [41, 42] and H atoms
[42, 43]. The atom coordinates for the single-point
DFT calculations were taken from the data of the rou-
tine X-ray diffraction experiment for I. The compres-
sion ratio of the inverse space was set to be four, which
corresponds to 30 K points in the irreducible Brillouin
zone in which the Hamiltonian matrix was diagonal-
ized.

The PLATON program (version 60119) [44] was
used to generate 49621 independent hkl Miller indices
with inverse resolution of up to s = 1.16 Å–1. The XFAC
option of the CRYSTAL17 program was used to obtain
a set of theoretical structural factors Fhkl from the elec-
tron density function derived from single-point calcu-
lations of the non-optimized crystal structure of I.

Using the calculated structural amplitudes Fhkl, the
populations of the spherically symmetric valence shell
(Pval) and the multipole parameters (Plm) describing
shell deformation, together with the corresponding
expansion–compression ratios (k, k') were found for
each atom of I using the MoPro program [45] in the
framework of the Hansen–Coppens multipole density
formalism [46]. Before the multipole refinement, the
C–H bond lengths were normalized to the values
found in the neutron diffraction experiments [47]. The
levels of the multipole expansions were hexadecapole
for dysprosium and iodine atoms, octupole for all
other non-hydrogen atoms, and one dipole for hydro-
gen atoms. The obtained Pval, Plm, k, and k' values were
used for the multipole refinement (but were not
refined themselves) of the atom coordinates and ther-
mal parameters for complex I using experimental
reflections (sin θ/λ = 0.64 Å–1) in the real crystal sym-
metry.

The topology of the experimental–theoretical
function ρ(r) was analyzed using the WINXPRO pro-
gram package [48].
OORDINATION CHEMISTRY  Vol. 49  No. 5  2023
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Table 1. Crystallographic data and X-ray experiment and structure refinement details for I

Characteristics Value

Molecular formula C48H44O4IDy

M 974.23

Temperature, K 100(2)

System Monoclinic

Space group P21/n

a, Å 11.0917(6)

b, Å 26.1845(15)

c, Å 13.4206(8)

β, deg 103.318(2)

V, Å3 3792.9(4)

Z 4

ρ(calcd.), mg/cm3 1.706

μ, mm–1 2.830

Crystal size, mm 0.31 × 0.27 × 0.07

F(000) 1932

Data collection range of 2θ, deg 2.20–27.00

Number of ref lections
collected/unique

97162/8262

Rint 0.1258

R1 (I > 2σ(I))
wR2 (I > 2σ(I))

0.0680
0.0998

R1 (for all data)
wR2 (for all data)

0.0906
0.1042

S 1.236

Residual electron density (max/min), e/Å3 1.458/–2.294
RESULTS AND DISCUSSION

Earlier studies of the reaction of low-oxidation-
state lanthanide diiodides LnI2 (Ln = Tm, Dy, Nd)
showed that, in conformoty with the high Tm2+ reduc-
tion potential (–2.3 V) [49], thulium diiodide does not
reduce naphthalene in the direct reaction in ether sol-
vents. As indicated by comparison of the electrode
potentials of Tm, Dy, and Nd (Eo(Ln3+/Ln2+) of –2.3,
–2.45, and –2.62 V, respectively) [49], the reducing
properties of divalent metal iodides markedly increase
on going from thulium to dysprosium and neodymium
[50]. The reactions of NdI2 with polycyclic aromatic
compounds such as naphthalene and anthracene give
the binuclear complexes [NdI2(THF)3]2(C10H8) and
[NdI2(THF)3]2(C14H10) containing the arene dianion
[50]. The reactions of NdI2 and DyI2 with perylene in
DME proceed in a different way. Presumably, the
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
reactions involve the formation of an intermediate
product containing one [LnI2]+ moiety and the
perylene radical anion (Per⋅−) (Scheme 1), as evi-
denced by the blue color of the solution and the ESR
signal, which disappears in a few minutes, and the
reaction mixture becomes dark burgundy colored. The
ESR spectrum of the hypothesized intermediate
[LnI2(Per⋅−)(DME)2] at room temperature (Fig. 1) is a
singlet with gi = 2.0038 and a line width of ~12 Oe.

The subsequent transformations afford mononu-
clear compounds LnI(Per)(DME)2, containing the
perylene dianion, and the triiodides LnI3(DME)2,
resulting from disproportionation (Scheme 1). Dis-
proportionation reactions in the presence of organic
substrates are characteristic of neodymium and dys-
prosium diiodides [50, 51].
  Vol. 49  No. 5  2023
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Table 2. Selected bond lengths and bond angles in complex I

Bond d, Å Bond d, Å

Dy(1)–I(1) 3.0941(5) Dy(1)–C(11) 2.638(6)
Dy(1)–O(1) 2.413(4) Dy(1)–C(20) 2.529(7)
Dy(1)–O(2) 2.406(4) C(1)–C(2) 1.418(10)
Dy(1)–O(3) 2.458(4) C(1)–C(10) 1.445(9)
Dy(1)–O(4) 2.465(5) C(10)–C(11) 1.410(9)
Dy(1)–C(1) 2.584(7) C(11)–C(20) 1.457(9)
Dy(1)–C(10) 2.686(6) C(19)–C(20) 1.403(10)

Angle ω, deg Angle ω, deg

O(1)Dy(1)O(2) 67.40(16) I(1)Dy(1)C(10) 135.31(15)
O(2)Dy(1)O(3) 140.86(15) I(1)Dy(1)C(11) 163.13(15)
O(3)Dy(1)O(4) 67.56(15) I(1)Dy(1)C(20) 163.87(15)
O(4)Dy(1)O(1) 76.20(16) I(1)Dy(1)O(1) 94.69(11)
O(1)Dy(1)O(3) 143.34(16) I(1)Dy(1)O(2) 77.43(11)
O(2)Dy(1)O(4) 137.03(16) I(1)Dy(1)O(3) 76.54(11)
C(1)Dy(1)C(10) 31.76(19) I(1)Dy(1)O(4) 83.78(11)
C(10)Dy(1)C(11) 30.7(2) I(1)Dy(1)C(1) 115.43(16)
C(11)Dy(1)C(20) 32.7(2) I(1)Dy(1)C(10) 135.31(15)
C(1)Dy(1)C(20) 69.6(2) I(1)Dy(1)C(11) 163.13(15)
I(1)Dy(1)C(1) 115.43(16) I(1)Dy(1)C(20) 163.87(15)
Scheme 1.

Ln

I

DME

DME2LnI2  + LnI3(DME)2 +DME, ��45�C
Ln

I I

DME

DME

Ln = Nd, Dy

A similar reaction pathway was observed in the Complex I was isolated as dark violet crystals in 60%

reaction of DyI2 with naphthalene in DME [52].
RUSSIAN JOURNAL OF C

Fig. 1. ESR spectrum of the reaction mixture (DyI2 + Per)
in DME at 290 K. 

20 Oe
yield. The compound was extremely sensitive to air
oxygen and moisture and immediately decomposed to
give free perylene.

The perylene ligand in I occurs as the dianion, as
indicated by the absence of the ESR signal both in
solution and in the solid state. The molecular struc-
ture of DyI(Per)(DME)2 was determined by X-ray dif-
fraction (Fig. 2).

The Dy(1) atom is coordinated by the perylene
ligand, iodine atom, and additionally by two neutral
DME molecules. The coordination number of dys-
prosium is 8. The perylene ligand is coordinated to
Dy(1) via four carbon atoms, C(1), C(10), C(11), and
C(20), with all its protons being retained, including
H(1) and H(20). The peripheral Dy(1)–C(1) and
Dy(1)–C(20) metal–perylene bonds (2.584(7),
2.529(7) Å) are shorter than the internal Dy(1)–C(10)
OORDINATION CHEMISTRY  Vol. 49  No. 5  2023
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Fig. 2. Molecular structure of the complex
DyI(Per)(DME)2. The thermal ellipsoids are shown at
50% probability level. The hydrogen atoms, except for
H(1) and H(20), are omitted.

Dy(1)

H(1)

C(1)

O(1)

I(1)

O(2)

O(4)

O(3)

C(10)

C(20)

C(11)
H(20)
and Dy(1)–C(11) bonds (2.686(6), 2.638(6) Å). Note

that the Dy(1)–C(10, 11) distances are smaller than

the sum of the Dy3+ ionic radius (1.027 Å with C.N. of
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Fig. 3. (a) Lengths of the C–C bonds in the Per ligand (black d
digits). Green digits indicate the average C–C distances in the
numbering and formal double and single bond distribution sch
data. 
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8 [53]) and the van der Waals radius of carbon (1.7 Å
[54]), which is 2.727 Å. Apart from the
DyI(Per)(DME)2 molecule, the asymmetric part of

the crystal cell was found to contain a non-coordi-
nated perylene molecule, which exists in the neutral
form, as indicated by the C–C bond lengths (Fig. 3a).
Analysis of the perylene ligand geometry indicates that
the most pronounced changes in the C–C bond
lengths in comparison with non-coordinated Per take
place in the coordinated part of the Per ligand
(between the C(1)–C(10), C(10)–C(11), and C(11)–
C(20) atoms) (Figs. 3a and 3b).

In the perylene ligand, the C(1)–C(10) and
C(11)–C(20) bonds are elongated, but the C(10)–
C(11) bond is shortened with respect to analogous
bonds in neutral perylene (Fig. 3a). The coordination
of the perylene dianion to dysprosium does not result
in equalization of C–C distances in the
Dy(1)C(1)C(10)C(11)C(20) ring. The C(1)–C(10),
C(10)–C(11), and C(11)–C(20) bond lengths alter-
nate. According to the formal double and single bond
distribution in the perylene ligand, the negative
charges of the perylene dianion are localized on the
C(1) and C(20) atoms (Fig. 3b). Apart from two elec-
tron pairs of the C(1) and C(20) atoms, the electron
pair of the C(10)–C(11) bond additionally participates
  Vol. 49  No. 5  2023
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Fig. 4. Fragment of the crystal packing of complex I.

b

c
a

in the Per coordination to Dy; hence, the coordination
number of the perylene dianion is three [56].

It is noteworthy that the neutral and dianionic
perylenes are planar, the deviations of carbon atoms
from the perylene plane differ insignificantly (0.036
and 0.078 Å, respectively).

In the coordinated part of the perylene ligand, the
H(1) and H(20) atoms deviate from the perylene plane
away from the Dy atom by 0.20 and 0.41 Å, respec-
tively. The average value for similar hydrogen atoms in
non-coordinated perylene is 0.06 Å.

In the crystal packing of complex I, π-stacking of
neutral perylene molecules in pairs takes place
(Fig. 4). In the π–π interaction, the perylene mole-
cules overlap by pairs of benzene rings with a minor
displacement; the distance between the ring centers is
3.52 Å. This value falls in the range of distances char-
acteristic of π–π interactions (3.3–3.8 Å [57]) and is
close to the sum of the van der Waals radii of carbon
atoms (3.4 Å [54]). The interplanar spacing between
the perylene molecules involved in the π stacking is
3.29 Å.

Although the Dy(1)–C(10, 11) coordination bonds
are markedly elongated compared to the Dy(1)–
C(1, 20) distances (Fig. 2), but do not exceed the sum
RUSSIAN JOURNAL OF C
of the Dy3+ ionic radius and the carbon van der Waals
radius (2.727 Å), we decided to find out, in the most

correct way, which type of coordination (η2 or η4)
exists between the dysprosium cation and the perylene
dianion. For this purpose, we used analysis of the
experimental–theoretical electron density (ρ(r)) for
complex I, based on the aspherical scattering factor of
the independent part of the unit cell (crystal
invariom). Previously, we showed that the crystal
invariom adequately describes the experimental topo-
logical characteristics ρ(r) in the chromium coordina-
tion sphere [58]. Using R. Bader’s theory [59], we
constructed the experimental–theoretical molecular
graph of complex I (Fig. 5).

According to the molecular graph, bond paths and
critical points (CPs) (3, –1) are present between the
Dy(1) and C(1) and C(20) atoms. Hence, there are
interatomic interactions between these atoms. Mean-
while, no bond paths and CP(3, –1) are detected
between Dy(1) and C(10) or C(11). In terms of
R. Bader’s theory, this can be interpreted as the
absence of interatomic interactions. However, there
are numerous examples of interactions of metal atoms
with π-carbocyclic systems in which the number of
bond paths between the metal and the ligand is smaller
OORDINATION CHEMISTRY  Vol. 49  No. 5  2023
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Fig. 5. Molecular graph in the independent part of the unit cell of complex I. The blue points correspond to the (3, –1) critical
points.
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than expected [60–62]. This is usually due to low cur-

vature of the electron density. In order to assess the

presence of interatomic interactions in the absence of

bond paths and CP(3, –1) in these systems,

we resorted to an approach [62] based on the simulta-

neous use of the source function (SF) [63–65] and

non-covalent interaction index (NCI) [66–68]. The

values for the source function for the

Dy(1)C(1)C(10)C(11)C(20) moiety to the chosen ref-

erence points are given in Table 3. As can be seen from

Table 3, the Dy atoms are electron density sources for

interaction with the C(1)C(10)C(11)C(20) moiety. In

turn, each carbon atom (given in bold in Table 3) in
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Table 3. Contribution of the source function to the chosen re

a Source function values at CP(3, –1) in the Dy(1)–C(1, 20) bonds
b Source function values at the center of the Dy(1)–C(10, 11) distan
c Source function values on the NCI isosurface between Dy(1) and 
d Positive values are the sources of electron density (donor), negativ

Reference

points Dy(1) C(1)

[Dy(1)−C(1)]CP(3, –1)
a 16.8 –18.2

[Dy(1)−C(20)]CP(3, –1) 19.8 –0.9

[Dy(1)−C(10)]middle
b 18.6 0.2

[Dy(1)−C(11)]middle 52.2 –0.2

[Dy(1)−C(10)]NCI
c 17.6 1.2

[Dy(1)−C(11)]NCI 17.6 –8.4
the C(1)C(10)C(11)C(20) moiety is an electron den-

sity source for the interaction with Dy(1). Hence, η4-

interaction is implemented between the dysprosium

cation and perylene. The Dy(1)–I(1) and Dy(1)–

O(1–4) contacts are ionic (i.e., closed-shell interac-

tions; ∇2ρ(r) > 0, he(r) > 0), while the Dy(1)–C(1, 20)

contacts are intermediate (polar covalent bonds;

∇2ρ(r) > 0, he(r) < 0).

The magnetic moments of the Nd and Dy com-

plexes (3.1 and 10 μB, respectively) are in the range

typical of organic compounds of these metals in the
  Vol. 49  No. 5  2023

ference point

 from the Dy(1)C(1)C(10)C(11)C(20) moiety.
ce from the Dy(1)C(1)C(10)C(11)C(20) moiety.

C(10, 11) from the Dy(1)C(1)C(10)C(11)C(20) moiety.
e values are the electron density drain (acceptor).

Source function, %

C(10) C(11) C(20)

4.6d 3.2 8.1

3.4 4.4 –7.1

–20.1 1.9 9.8

–0.2 –9.5 3.8

3.8 –22.1 10.9

–10.4 4.4 8.9
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Fig. 6. Absorption spectra of (1) perylene and (2) Dy and
(3) Nd complexes in DME solution (10–5 M). 
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Fig. 7. PL spectra of a solid sample of (1) perylene,
(2) perylene in DME solution (10–5 М), and solid samples
of (3) Nd complex and (4) Dy complex, λexcit = 405 nm at
room temperature. 
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trivalent state (Nd, 2.98–3.7; and Dy, 9.9–10.6 μB)

[69].

An X-ray diffraction study of neodymium
complex II could not be performed, but the prepara-
tion method, the contents of neodymium and iodine,
the IR spectrum, magnetic moment, and the absence
of ESR spectrum suggest that its composition and
structure are similar to those of complex I.

Thulium diiodide TmI2 does not react with

perylene (like with naphthalene) in DME not only at
low temperature, but also under more drastic condi-
tions (30°C in an ultrasonic bath).

The absorption spectra of complexes I and II in
DME at room temperature are superpositions of the
absorption of neutral perylene, which is always present
in the complexes, and the absorption of the lanthanide
coordination compound containing doubly reduced
perylene (Fig. 6). Apart from the intense sharp bands
at 409 and 436 nm and the band at 387 nm, corre-
sponding to the π–π* transitions in neutral perylene,
the spectrum exhibits intense broad bands with a max-
imum at 533 nm (Dy) and 555 nm (Nd) and less
intense bands in the 600–800 nm range, which should
be assigned to electronic transitions within the com-
plexes.

Compounds I and II exhibit photoluminescence
(PL) in the solid state.

The f luorescence spectra of a solid sample of free
perylene, its dilute DME solution, and solid samples
of the neodymium and dysprosium complexes are
shown in Fig. 7. The PL spectrum of a dilute perylene
solution in DME shows a vibrational structure of four
peaks at 442, 470, 500, and 550 nm, which can be
assigned to the perylene solvation molecule [70]. It is
known that perylene crystals have a stable α-phase,
which is dimeric, and the metastable β-phase, which is
monomeric, with their emission maxima being at 600
RUSSIAN JOURNAL OF C
and 520 nm, respectively [71]. The spectrum of a solid
perylene sample, shown in Fig. 7, with a maximum
at 580 nm and a shoulder at 614 nm can be assigned to
α-phase f luorescence. The f luorescence of polycyclic
aromatic hydrocarbons is strongly affected by the local
spatial environment. Although the composition is the
same, the luminescence spectra of neodymium and
dysprosium complexes are significantly different
(Fig. 7). The PL spectrum of a solid sample of the Nd
complex has an emission maximum at 490 nm.

The PL spectrum of the Dy complex exhibits a
broad band with two maxima at 536 and 573 nm. It is
known that the polycyclic aromatic compounds such
as pyrene and α-perylene may give rise to Y and E type
excimer emission [72] in the solid state under normal
conditions [73] with λem at about 560–590 nm [70].

The appearance of excimer f luorescence is related to
the structural features of the compounds, namely, the
formation of pairs in which short contacts and π–π
stacking between neighboring molecules are present
[74].

Consequently, the luminescence properties of the
Nd and Dy perylene complexes may be caused by the
luminescence of the perylene molecules contained in
the crystal in different chemical environments. This
assumption is also supported by the absence of any PL
of compounds I and II in DME solutions (except for
PL of perylene) and by the absorption of the com-
plexes LnI(Per)(DME)2⋅Per in the long-wavelength

region (600–800 nm).

Thus, neodymium and dysprosium diiodides are
strong reducing agents capable of reducing perylene to
the dianion in reactions carried out in ether solvents.
The molecular structure of DyI(Per)(DME)2∙Per was

determined by X-ray diffraction. The perylene ligand

is coordinated to dysprosium in the η4-mode via four
OORDINATION CHEMISTRY  Vol. 49  No. 5  2023
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carbon atoms, as was confirmed by experimental–the-
oretical electron density analysis. Despite the identical
composition, Nd and Dy compounds demonstrate
different luminescence properties. Presumably, these
differences are due, first of all, to the difference of the
metal local environment and crystal packing effects.
By varying the crystal packing towards the formation
of dimers with efficient π–π stacking, it is possible to
obtain intense excimer f luorescence, which has a
high potential for application as the molecular ther-
mometer.
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