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Amino-imidazolin-2-imine Cu() complexes: ligand
screening and tuning of photophysical properties
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Amino-imidazolin-2-imines (HAmIm) are introduced as a new class of strong monoanionic N,N’'-chelat-
ing ligands for Cu()) complexes. The reaction of HAmIm with CuCl, followed by deprotonation to give
AmIm~, affords the dinuclear precursor [Cux(p-Amim),], which serves as a versatile platform for the syn-
thesis of structurally diverse mononuclear Cu() complexes. Coordination with diimine ligands (phenan-
throline or neocuproine) yields distorted tetrahedral [Cu(AmIm)(diimine)] species featuring a broad UV/vis
absorption. In contrast, reaction with monodentate phosphines (Ly—Ls) affords trigonal planar complexes
[Cu(AmIm)(L)], which are non-emissive in solution, but exhibit pronounced emission in the solid state. All
ten new complexes were structurally characterised by single-crystal X-ray diffraction, enabling a direct
correlation between coordination geometry and photophysical properties. Photophysical studies and
TDDFT calculations reveal fluorescence in the nanosecond-range originating from ligand-to-ligand and
mixed metal-ligand-to-ligand charge-transfer transitions (LL'CT, mMLL'CT). The emission properties cor-
relate with the nature of the phosphine ligand. In particular, complexes containing chalcogen-bridged
phosphines (L4 and Ls) display the highest intensities and lifetimes of up to ~29.2 and ~13.9 ns, respect-
ively. Temperature-dependent time-resolved measurements confirm prompt fluorescence and exclude
thermally activated delayed fluorescence (TADF), underscoring the intrinsic nature of the emission. These
results highlight the modular potential of HAmIm ligands to access structurally diverse and photoactive
Cu(l) complexes with tunable solid-state emission.

catalysis, solar fuel production, dye-sensitised solar cells, and
light-emitting diodes.”*** Their closed-shell d'° configuration

The interest in photocatalysts and photosensitisers arises from
their ability to harvest (solar) light and convert it into chemical
reactivity."”” Transition metal complexes have received con-
siderable attention in this field, particularly those based on Ru
() (4d)*® and Ir(m) (5d).””° Their inherently strong spin-orbit
coupling (SOC) facilitates efficient intersystem crossing,
enabling access to long-lived triplet states. However, the scar-
city and high cost of these noble metals has stimulated the
search for Earth-abundant alternatives, especially those with
3d transition metals.*™"?

Among these, photoactive Cu() complexes have been
explored in a wide range of applications, including photoredox
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avoids low-lying metal-centred (MC) states, which are often
responsible for rapid non-radiative deactivation in open-shell
3d systems. However, several excited-state deactivation pro-
cesses in Cu(1) complexes, most notably due to geometric dis-
tortion upon excitation, remain a significant challenge.*>"’

The coordination chemistry of Cu(i) spans two- to four-coor-
dinate geometries. While four-coordinate, tetrahedral Cu(i)
complexes are most extensively studied, they are prone to
pseudo-Jahn-Teller flattening distortion towards square planar
in the metalto-ligand charge transfer (MLCT) excited
state.’®>> This distortion promotes non-radiative decay pro-
cesses, limiting emission efficiency.”>** As a result, lower
coordination numbers, particularly two- and three-coordinate
Cu(1) complexes have come into focus. While two-coordinate
Cu() complexes remain rare due to their high reactivity,>> > a
growing number of more stable three-coordinate Cu(i) com-
plexes have been reported over the past decade.”*

In such systems, trigonal planar geometries can be stabil-
ised by appropriate ligand design. Although DFT studies have
shown that excited-state distortion towards T-shaped geome-
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tries may occur,” suitable N,N'-chelating ligands in combi-
nation with sterically demanding ancillary ligands have been
shown to enforce a rigid, luminescent three-coordinate
structure.®*> The majority of examples are cationic or neutral
complexes of the type [Cu(NHC)(N,N)]® (NHC =
N-heterocyclic carbene; N,N’ = neutral or anionic bidentate
nitrogen  donor ligand such as  bipyridines or
pyrazolylpyridines).***'  Despite their coordination
number, many of these complexes display good stability and
appreciable excited-state lifetimes.

Among the ligand systems applied in this context, amidines
(HAm) and guanidines (HGu, see structures A in Fig. 1) as well
as p-diketimines (HNacNac, see B) have found wide application
as monoanionic N,N'-chelating ligands.*>™*> Upon deprotona-
tion, they form four- or sixmembered chelate rings with Cu(i),
leading to photoactive complexes of types E and F (Fig. 1). For
example, amidinate and guanidinate Cu(i)) complexes (see E)
have been combined with cyclic (alkyl)(amino)carbenes (CAACs)
and have been proposed as white-luminescent emitters.**

More recently, three-coordinate p-diketiminate Cu(1) com-
plexes (see F in Fig. 1) with phosphine or isonitrile co-ligands
have been reported.** ™ These systems still rely on six-mem-
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Fig. 1 Amidines and guanidines A and p-diketimines B give rise to
monoanionic ligands in four- or six-membered photoactive Cu() com-
plexes E, F. In a new approach amino-imidazolin-2-imine ligands C are
employed to produce five-membered chelate complexes of type G. Ar =
aryl group, Dipp = 2,6-diisopropylphenyl.
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bered chelates. Ligand scaffolds that enable stable five-mem-
bered N,N'-chelating Cu() complexes remain scarce. To
address this gap, we have recently introduced amino-imidazo-
lin-2-imines (HAmIm, C) as a new class of monoanionic N,N'-
chelating ligands.*®"” These ligands incorporate an imidazo-
lin-2-imine scaffold (see D), which acts as a strong nitrogen-
based o- and n-donor, as illustrated by the resonance struc-
tures (D in Fig. 1). Derivatives of D have previously been used
as ancillary ligands in various metal complexes.**®* The
superior behaviour of HAmIm (see C) vs. f-diketimine ligands
was recently demonstrated in several examples of main group
chemistry.®>®* Thus, the complete series of boraketones of the
type X=B(AmIm) (X = O, S, Se, Te) could only be prepared with
HAmIm ligands, while previous approaches employing
B-diketimine ligands failed.*® In a second example, the group
13 carbenoids E(AmIm), E = Ga, In, Tl were found to be stron-
ger donors compared to the related p-diketiminate ana-
logues.®® A detailed investigation traced these advantages to
much better o- and =n-donor quality of AmIm™ s
p-diketiminate ligands. Moreover, AmIm™ ligands have shown
superior performance compared to fB-diketiminate ligands in
related cobalt and iron complexes.®>®¢

Building on these findings, we now report the synthesis
and characterisation of the first Cu(i) complexes featuring
HAmIm ligands. Their structural and photophysical properties
were systematically studied as a function of the coordinated
ancillary ligand.

Results and discussion
Synthetic procedures and crystallography

The reaction of the neutral HAmIm ligand C with copper(i)
chloride afforded complex 1, [Cu(HAmIm)Cl], as a colourless
material (Fig. 2). Coordination of ligand C is confirmed by the
characteristic low-field shifts of all signals in the "H NMR spec-
trum (Fig. S1 and S2) as well as by X-ray crystallography
(Fig. 2). In complex 1, the imidazolin-2-imine entity (N1, see
Fig. 2, bottom left) is a significantly stronger donor than the
amine part (N4), which is corroborated by (i) the comparlson
of bond lengths Cul-N1 [1.912(3) A] < Cul-N4 [2.495(3) A],
and (ii) the angle N1-Cu1-Cl1 [161.17(9)°] approaching linear-
ity (Table 1).

The treatment of complex 1 with potassium bis(trimethyl-
silyl)amide, K[N(SiMe;),], caused a formal elimination of
hydrogen chloride, resulting in the formation of the dinuclear,
centrosymmetric complex 2, [Cu,(p-AmIm),] (Fig. 2, top right).
In this complex, ligand C adopts its monoanionic form and
bridges two Cu(i) ions, as verified by X-ray crystallography.
While the bond length between the metal and the imine entity
Cul’-N1 [1.878(1) A] in 2 is only slightly shorter than in its
parent complex 1 [d(Cu1-N1) = 1.912(3) A], the Cu1-N4 bond
in 2 is significantly shorter than in 1 [¢f. 2.495(3) A in 1 vs.
1.8586(1) A in 2], reflecting its amide character. The formation
of dinuclear complexes with linear geometry at Cu(1) is well
documented for amidine (HAm)®”~”° and guanidine (HGu)”""?

Inorg. Chem. Front., 2026, 13, 726-736 | 727


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qi01753j

Open Access Article. Published on 13 November 2025. Downloaded on 4/5/2026 12:02:44 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Research Article

iPr
N
TN —Dipp
o 0]
) N iPr  Cu---Cu [Rr
c a) Dlpp/l-{NE/N\i( y b) } ' }\l {
u ! Dipp— N/ALNi

iPr

Fig. 2 Reagents and conditions: (a) 1.0 eq. CuCl, THF, 3 h, 10 °C, 89%.
(b) 1.0 eq. KIN(SiMez),], THF, 30 h, 10 °C, 88%. Bottom left: molecular
structure of complex 1. Toluene and hydrogen atoms (except for N4—
H4) are omitted. Selected bond distances [A] and angles [°]: Cul-N1
1.912(3), Cul-N4 2.495(3), Cul-Cl1 2.1272(9), N4-Cul-N1 74.7(1), N1-
Cul-Cl1 161.17(9), N4—-Cul -Cl1 123.46(7), 6 = 359.27(5)°. Bottom right:
molecular structure of complex 2, which is located on a centre of inver-
sion. Hydrogen atoms are omitted. Selected bond distances [A] and
angles [°]: Cul-Cul' 2.4841(3), Cul’'-N1 1.878(1), Cul-N4 1.8586(1),
N1-Cul-N4'173.10(5).

ligands. In contrast, Cu(i)-p-diketiminate complexes tend to be
mononuclear, even with weak ligands such as ethylene,
benzene, or toluene.”>’* The distance between the copper
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centres Cul-Cul’ [2.4841(3) A] in 2 compares well with
reported values of related dinuclear complexes and suggests a
weak contact interaction rather than strong bonding.®”””?
Thus, in the typical amidinate complex [Cu,(Dipp-
NCHN-Dipp),], the copper-copper distance was found to be
2.5420(7) A.°° Complex 2 is internally twisted, as indicated by
the dihedral angle of N1-N4-N1'-N4' of 55.7(3)°.

However, the "H NMR spectrum of compound 2 in solution
(THF-Dg) reveals a highly symmetric behaviour, evident from
the symmetry-related diagnostic signals of the aryl and nitro-
gen bound isopropyl groups (Fig. S3 and S4). Complex 2 is sen-
sitive towards air and moisture, which required careful purifi-
cation of all added ancillary ligands (see below). This sensi-
tivity is illustrated by the reaction of complex 2 with a stoichio-
metric amount of degassed water, i.e. 1 eq. of water per copper
atom (Fig. 3). This reaction resulted in the dinuclear complex
[Cu(AmIm),(p-OH),] (3), in which each copper centre is che-
lated by the monoanionic form AmIm~ of ligand C and is
bridged by hydroxido ligands. Compound 3 is centro-
symmetric, with the copper centre adopting a square planar
coordination geometry. The metrical parameters of compound
3 closely resemble those reported for similar neutral com-
plexes with B-diketimine ligands,”®”® or dicationic complexes
with ethylene-bridged bis(imidazolin-2-imine) ligands.”*

The reaction essentially involves an oxidation of Cu(1) in 2
to Cu(u) in 3. Complex 3 gives rise to narrow lines in the 'H
NMR spectra, which can be attributed to the antiferromagnetic
superexchange coupling between the two Cu(u) centres via the
bridging hydroxido ligands (Fig. S5). "H NMR spectroscopy has
emerged a useful tool for dinuclear copper(un) complexes with
antiferromagnetic exchange coupling, i.e. values of J < 0.7
In particular, strongly negative antiferromagnetic coupling
constants of J < 1000 cm™" give rise to almost diamagnetic

Table 1 Selected bond lengths (A), bond angles (°) and the sum of the bond angles o (°) for the complexes 4—10. ¢ denotes the sum of all three
bond angles N1-Cul-N4, N1-Cul-P1 and N4-Cul-P1 encircling the central Cul atom. Experimental data from the crystal structure is denoted as

“Xray”, while computed structures are denoted as “DFT"

Tetrahedral complexes (coordination number = 4)

Method Cul-N1 Cul-N4 Cul-N5 Cul-N6 N1-Cul-N4 N5-Cul-N6 N1-Cul-N6 N4-Cul-N5
4 X-ray 2.0570(17) 1.9562(16) 2.0166(18) 2.2346(18) 83.53(7) 78.13(7) 121.45(7) 138.26(7)
DFT 2.055 1.969 2.217 2.002 82.925 79.042 131.710 121.360
5  Xray 2.0675(10) 1.9612(10) 1.9536(10) 2.3009(10) 83.23(4) 78.61(4) 103.50(4) 139.28(4)
DFT 2.069 1.974 1.982 2.285 82.504 78.275 107.590 138.751
Trigonal planar complexes (coordination number = 3)
# Method Cul-N1 Cul-N4 Cul-P1 N1-Cu-N4 N1-Cu P1 N4-Cu-P1 c
6 X-ray 2.004(3) 1.930(3) 2.1313(11) 84.34(14) 135.50(10) 140.16(10) 359.98(7)
DFT 2.021 1.941 2.152 84.1 133.1 142.2 359.4
7 X-ray 1.9867(7) 1.9426(7) 2.1325(2) 84.66(3) 139.46(2) 135.64(2) 359.77(1)
DFT 2.013 1.949 2.149 83.942 137.664 138.062 359.7
8 X-ray 1.9948(19) 1.9322(19) 2.1298(6) 84.58(8) 136.59(6) 138.52(6) 359.69(4)
DFT 2.013 1.952 2.158 83.611 137.691 138.329 359.6
9 X-ray 1.985(2) 1.925(2) 2.1185(7) 84.82(9) 135.49(6) 139.68(7) 360.00(4)
DFT 2.009 1.941 2.147 84.299 136.786 138.406 359.5
10 X-ray 1.9879(9) 1.9283(9) 2.1276(3) 84.73(4) 134.98(3) 140.26(3) 359.97(2)
DFT 2.018 1.952 2.157 83.991 135.563 140.415 360.0
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Fig. 3 Reagents and conditions: (a) 2.0 eq. degassed H,O, THF, over-
night, rt, 68%. Molecular structure of complex 3, which has a centre of
inversion. Benzene and hydrogen atoms (except for O—H) are omitted.
Selected bond distances [A] and angles [°]: Cul-N1 1.9515(11), Cul-N4
1.9153(12), Cul-01 1.9215(11), Cul-Cul’ 3.0271(4), N1-Cul-O1' 98.54
(5), N4-Cul-01 100.76(5), O1-Cul-01' 76.54(6), N1-Cul-N4 84.44(5),
Cul-01-Cul’ 103.45(6).

behaviour.®" The presence of the bridging hydroxido ligand is
corroborated by a broad singlet in the 'H NMR spectrum at
1.77 ppm, as well as by an intense band in the IR spectrum at
3356 cm™" (Fig. S6). Complex 2, [Cu,(p-AmIm),], proved to be
an ideal starting material for the synthesis of mononuclear
Cu(1) complexes with tunable photophysical properties,
induced by the addition of suitable ancillary ligands (Fig. 4).
The bidentate ligands phenanthroline (phen) and neocuproine
(neo) were employed first due to their known behaviour as
electron acceptors. Reaction of complex 2 with the (carefully
pre-dried) diimine ligands afforded [Cu(AmIm)(phen)] (4) and

Fig. 4 Reagents and conditions: (a) 2.0 eq. phen or neo, THF, 48 h,
10 °C, 63% (4), 62% (5). Bottom: molecular structure of complex 4 (left)
and 5 (right). Hydrogen atoms are omitted.

This journal is © the Partner Organisations 2026
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[Cu(AmIm)(neo)] (5), respectively. Compounds 4 and 5 were
isolated as deep green crystalline solids.

In contrast to complex 3, the oxidation state of +1 is
retained in 4 and 5, which is also reflected by the shorter Cul-
N1 and Cul-N4 bond lengths in 3 compared to 4 and 5. The
geometrical data (Table 1) for the tetrahedral environment at
copper in 4 and 5 compare well with those of similar hetero-
leptic Cu(r) p-diketiminate complexes containing the same
diimine ligands.®*®  However, while the reported
p-diketiminate complexes display symmetric coordination of
the p-diketiminate ligand with equal Cu-N bond distances, the
AmIm~ ligand shows pronounced asymmetric behaviour, as
indicated by strongly unequal bond distances, i.e. Cul-N1 =
2.057(2) A vs. Cul-N4 = 1.966(2) A in 4 and Cu1-N1 = 2.068(1)
A vs. Cul-N4 = 1.961(1) A in 5. Density functional theory (DFT)
calculations further support this asymmetric binding mode
(Table 1).

For both complexes 4 and 5, the phen and neo ligands
exhibit a profoundly asymmetric coordination behaviour with
markedly tilted orientations. This is reflected in the unequal
bond distances Cul-N5 [2.017(2) A in 4, 1.954(1) A in 5] vs.
Cu1-N6 [2.235(2) A in 4, 2.301(1) A in 5], as also validated by
DFT calculations. However, the distorted alignment is absent
in solution, as the "H NMR spectra of complexes 4 and 5
(Fig. S7-10) exhibit patterns characteristic of Cs-symmetry.

Beyond the bidentate ligands (phen and neo), monodentate
phosphine ligands have recently been reported as ancillary
ligands in photoactive three-coordinate f-diketiminate Cu(i)
complexes.”® Accordingly, complex 2 was reacted with a series
of different phosphine ligands L1-L5, yielding the Cu(i) com-
plexes 6-10 (Fig. 5). Orange-red crystals of 6-10, suitable for
X-ray crystallography (Table 1) were obtained. Complexes 6-10
display a distorted trigonal planar Y-geometry, as indicated by
the sum of the three bond angles at the Cu(r) centre, which is
close to 360° in each case (Fig. 6).

The *'P{'"H} NMR spectra of complexes 6-10 show a signifi-
cant downfield shift of the observed singlets compared to the
uncoordinated ligands L1-L5 (Fig. S12, S14, S16, S18 vs. S21,
S24, S26, S28, S30). Although the solid-state structures of com-
plexes 6-10 suggest C;-symmetry, the 'H NMR spectra
(Fig. S19-S30) display a local Cg-symmetry for the AmIm™
ligand. This suggests a certain degree of conformational flexi-

L1=PPh;, (6)

a) N
2 —» C[ “cu-L o
N P
L | U0
N Y

L=L1-L5 jPr—N"
>/k L2 Y=none (7) L3 Y=NMe (8)
L4 Y=0(9) L5 Y=S (10)
6-10

Fig. 5 Synthetic approach to complexes 6-10. Reagents and con-
ditions: (a) 2.0 eq. L1-L5, benzene, overnight, 10 °C, 89% (6), 90% (7),
74% (8), 60% (9), 60% (10).
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Fig. 6 Molecular structures of the complexes 6—10. Hydrogen atoms
and co-crystallised solvent are omitted for clarity.

bility for complexes 6-10 in solution, including planarisation
at the N1 nitrogen atom as well as rotation around the Cu1-P1
bond axis. In contrast to the air-sensitive starting material 2,
solid samples of complexes 6-10 remain stable in moist air for
at least 24 h, as indicated by their persistent colour and repro-
ducible "H NMR spectra prior to air exposure. This behaviour
is in contrast to related P-diketiminate copper complexes,
which are reported to decompose at such conditions.*

Absorption and emission spectroscopy

Due to the intense colouration of the complexes 4-10, their
photophysical properties were investigated both in tetrahydro-
furan solution and in the solid state (13 mm KBr pellets,
<1.5 wt%), using a combination of spectroscopic and compu-
tational methods.

In inert tetrahydrofuran solution, all complexes exhibit one
(8, 9) or two (4, 7, 10) weak absorption bands in the visible
region (>380 nm; Fig. 7, top). These bands are not observed in
related B-diketiminate-Cu(i) systems bearing monodentate
phosphine ligands, but absorption bands at the UV/vis edge
are.*® The absorption of 4 in tetrahydrofuran solution does not
compare to other tetrahedral Cu(1) complexes bearing a phen-
type and p-diketiminate ligand, which have been reported to

730 | Inorg. Chem. Front,, 2026, 13, 726-736
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Fig. 7 Top: normalised absorption spectra of the complexes 4 (black),
5 (grey), 6 (green), 7 (pink), 8 (blue), 9 (red) and 10 (yellow) in inert tetra-
hydrofuran solution directly after preparation. The inset focuses on the
visible region and displays the low-lying ligand-to-ligand charge transfer
transitions of 9 through electron difference density plots (gain in green,
loss in grey) using PBEO/def2-TZVP. Bottom: normalised solid-state KBr
pellet absorption after preparation of the complexes 4-10 vs. pure KBr
reference measured in diffuse reflectance mode.

have panchromatic absorption covering the entire visible spec-
tral region in solution.”®**® TDDFT calculations (Fig. S32,
S34, S36, S38, S40, S42, and S44) assign the visible bands to
the S;, « S, transitions of predominantly ligand-to-ligand
charge transfer (LL'CT) character with minor metal-to-ligand
charge transfer (MLCT) contributions. This excitation type is
comparable to that in known p-diketiminate systems, but is
slightly shifted towards LL'CT character.>*>8>78

The charge transfer involves the highest occupied mole-
cular orbital (HOMO) and the two lowest unoccupied mole-
cular orbitals (LUMO and LUMO+1) (Fig. S31, S33, S35, S37,
S39, S41, and S43). Similar to p-diketiminate systems, the
HOMO is primarily localised on the five-membered AmIm™
chelate ring and the phenyl backbone, and remains nearly iso-
energetic within the same coordination type (Fig. 8).>*>%>7%*

In contrast, the LUMOs are strongly influenced by the
nature of the ancillary ligands, as reflected by the computed
orbital energies (Fig. 8). However, spectral assignment is com-
plicated due to (i) slight spectral changes upon dissolution,
likely caused by tetrahydrofuran coordination, formation of
coordination isomers, or reaction with traces of moisture
(Fig. S45, S48, S51, S54, S57, and S60), (ii) the small oscillator
strengths (Tables S6 and S12), and (iii) features, i.e. double-
bands, observed for 7 and 10, are not reproduced by TDDFT.
For 4 and 5, TDDFT overestimates the LL'CT bands (>690 nm,
Fig. S32 and S34), suggesting that the experimentally observed

This journal is © the Partner Organisations 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qi01753j

Open Access Article. Published on 13 November 2025. Downloaded on 4/5/2026 12:02:44 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Inorganic Chemistry Frontiers

o o
a 8 & ° N
< <
— ) F—
°Q: :°°.
i 3 5[

>

°q S

N 1 LUMOs 1

@ | HOMOs | ®©

R @

6 42
it
[ J
[ ]
°
[ ]
&0
T2’

> ©

< <

' ] /. |

o] | o

LO- Y o ° ° . @ -LD

p? I — 3
4 6 7 8 9

Fig. 8 Absolute molecular orbital energies in eV for the four-coordi-
nate compounds 4 (black), 5 (gray) left and the three-coordinate com-
pounds 6 (green), 7 (pink), 8 (blue), 9 (red) and 10 (yellow) using PBEO/
def2-TZVP. The energies of the highest occupied molecular orbitals
(bottom) and lowest unoccupied molecular orbitals (top) are shown.
Molecular orbitals for 4 (left) and 10 (right) depict relevant and represen-
tative HOMOs and LUMOs for the tetrahedral and trigonal planar
complexes.

visible bands may instead arise from more intense mixed
metal-ligand-to-ligand charge transfer (mMLL'CT) transitions
(S3,4 < So, 544.7 to 603.6 nm), involving the HOMO—-1 with
contributions from the Cu atom, the imidazolin-2-imine, and
amine regions. In contrast, the mMLL'CT excitations in 6-10
are outside the visible range (~350 nm) and overlap with local
AmIm™ -based transitions. No emission in tetrahydrofuran
solution was detected upon excitation at 400 nm for 4 and
7-10. Related trigonal planar and tetrahedral Cu(i) complexes
bearing a B-diketiminate were also reported to be weakly phos-
phorescent to non-emissive in toluene solution.***>7”°

In contrast, the solid-state absorption spectra of KBr pellets
(<1.5 wt%) are significantly broader and extend into the NIR
region (Fig. 7, bottom; Fig. S46, S47, S49, S52, S55, S58, and
S61). Complexes 4 and 5 display very broad absorptions with
maxima at 660 and 626 nm, respectively, while 6-10 show
three characteristic bands centred at ~400 nm, ~750-850 nm,
and 1320 nm.

Upon excitation at 400 nm, only the trigonal planar com-
plexes 6-10 exhibit solid-state luminescence (Fig. 9; Fig. S46,
S47, $49, S52, S55, S58, and S61), with 9 (578 nm) and 10
(587 nm) emitting strongly and visibly to the naked eye.
Emission from 6 (560 nm), 7 (623 nm), and 8 (556 nm) is con-
siderably weaker under identical conditions. Notably, despite
their broad absorption, complexes 4 and 5 have no emission
in the solid state.

Time-resolved emission measurements using a femtose-
cond laser coupled to a streak camera system revealed biexpo-
nential decays in the nanosecond regime, with two com-
ponents (Table 2 and Fig. S50, S53, S56, S59, $62). Comparable
complexes in toluene solution display longer lifetimes in the
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Fig. 9 Normalised uncorrected emission spectra of the complexes 6
(green), 7 (pink), 8 (blue), 9 (red), 10 (yellow) as KBr pellets excited at
400 nm.

microsecond range.”> Both lifetimes are notably longer in 9
and 10; 7 and 8 are similar, while 6 is significantly shorter.
Both lifetimes 7; and 7, of 7-10 obtained via global lifetime
analysis have strongly overlapping decay-associated spectra
whose peak wavelengths 4, and 1, are negligibly shifted com-
pared to each other (<10.4 nm). Only 6 shows a clear separ-
ation of 59 nm in its decay-associated spectra peak maxima
(Fig. S50).

As the negligible peak wavelength shift of 7-10 could indi-
cate thermally activated delayed fluorescence (TADF), an
exemplary temperature-dependent emission study was con-
ducted for complex 9 (Fig. S63). First, the emission intensity
increases with lower temperature, and no spectral shift can be
observed, which potentially excludes phosphorescence. The
time scales of both components are identical under inert and
ambient conditions (Fig. S59 and S63) and support prompt
fluorescence with z; fluctuating between 1 and 10 ns and 7,
increasing slightly from 22 to 262 ns between 350 and 80 K.
Furthermore, the log-log plot of emission intensity vs. time
indicates no typical bend, which would separate the prompt
and delayed fluorescence regime.®>"®” For that reason, TADF is
potentially excluded, and both components are likely prompt
fluorescence in the solid state.

In summary, all complexes display weak LL'CT and mMLL'
CT absorptions in solution and are non-emissive under these
conditions. In the solid state, the absorption bands shift and
broaden, especially for the tetrahedral complexes 4 and 5.

Table 2 Emissive lifetimes z; and 7, in ns of compounds 6-10 deter-
mined via global lifetime analysis with a multiexponential sum fit model.
The wavelengths 1; and 1, correspond to the fitted maxima of the ampli-
tude A; distribution of lifetime 7; in the decay-associated spectrum (for
more details: Sl general information, time-resolved emission spec-
troscopy, Fig. S50, S53, S56, S59, and S62.)

Complex 71/n8 Ay/nm 7,/ns Ap/nm
6 0.17 523.8 1.03 582.8
7 0.47 657.2 10.1 665.6
8 0.59 563.4 10.5 573.8
9 1.49 607.1 29.2 602.5
10 0.97 591.7 13.9 591.9
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However, only the trigonal planar complexes 6-10 exhibit fluo-
rescence with biexponential decays and nanosecond lifetimes.
The emission wavelengths correlate well with the computed
HOMO-LUMO gaps: complex 7 has the smallest gap and
longest emission wavelength, followed by 9 and 10, and finally
6 and 8 (Fig. 8 and Table 2).

Chalcogen-bridged phosphine ligands (complexes 9 and 10)
have significantly enhanced emission intensity and prolonged
excited-state lifetimes, followed by the methylated amino-
bridged derivative (complex 8), and by the system with no
bridge atom (complex 7). In contrast, complex 6 with
unbridged phosphine L1 exhibits the weakest emission and
shortest lifetimes.

Electrochemical behaviour

The redox properties of the complexes 7-10 were investigated
by cyclic voltammetry in inert tetrahydrofuran solution
(Table 3, Fig. S64). Complexes 4-6 could not be reliably
measured due to the rapid changes observed that occurred
upon dissolution, as discussed above. As a reference, the indi-
vidual ligands (Fig. 5, right) were analysed separately; while
the ligand L2 is redox-inactive within the accessible solvent
window, L3-L5 exhibit irreversible oxidation events at +0.40 V,
+0.70 V, and +0.72 V vs. Fc/Fc', respectively. In contrast, the
neutral HAmIm ligand C exhibits two irreversible oxidation
processes at +0.31 and +0.64 V, as well as one irreversible
reduction at —0.73 V, which becomes prominent after the oxi-
dation cycle.

The complexes 7-10 each display a single irreversible oxi-
dation in the narrow potential range of +0.10 to +0.18 V, inde-
pendent of the specific phosphine ligand. The close agreement
with the oxidation potentials of the uncoordinated HAmIm
ligand, along with the small variation in computed HOMO
energies (Fig. 8), suggests that this oxidation is centred on the
coordinated AmIm™ ligand. This behaviour is similar to earlier
reports on B-diketiminate Cu(i) complexes, where the oxidation
has been described as a mixed event involving both the Cu(1)/
Cu(n) couple and the anionic ligand.*>*>"%*

A reversible reduction process is observed for all complexes
7-10 between —0.72 V and —0.77 V. DFT calculations of 7-10
predict the LUMO, i.e. the electron-accepting orbital, to be
located on the respective phosphine ligand. This prediction is
comparable with p-diketiminate systems, where reductive

Table 3 Oxidation (E,,) and reduction potentials (E,.q) of the com-
plexes 7-10. Potentials are referenced against the ferrocene/ferroce-
nium (Fc/Fc*) couple

Complex Eo/V vs. Fc/Fc* Eyea/V vs. Fc/Fc*
7 0.10’ —0.75"
8 0.13" -0.77"
9 0.16' —0.72"
10 0.18" —0.76"

iSince the oxidation is irreversible the potential of maximum current is
given. "For the reversible reduction events the half-step potential (E;,,)
is given
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events are typically located on the neutral diimine or phos-
phine co-ligands.*>®*® However, no reduction associated
with the uncoordinated phosphine ligands is detected within
the accessible potential window (Fig. S64), which makes an
assignment of the reduction from the electrochemical experi-
ments difficult.

Conclusions

In this work, a modular family of Cu(i) complexes bearing
amino-imidazolin-2-imine (HAmIm) ligands was developed
and systematically investigated. Upon deprotonation, AmIm™
acts as a monoanionic N,N'-chelating ligand with strong o-
and n-donor characteristics, coordinating to Cu(i) centres in
various structural motifs. A total of ten new copper complexes
were synthesised and all structurally characterised by single-
crystal X-ray diffraction, highlighting the robustness and versa-
tility of the HAmIm ligand framework. The dinuclear complex
[Cu,(p-AmIm),] served as a versatile precursor for both tetra-
hedral [Cu(AmIm)(diimine)] and trigonal planar [Cu(AmIm)
(phosphine)] species. The ability to access both coordination
motifs from a single precursor underlines the modularity of
the ligand system and sets a benchmark within Cu(1) coordi-
nation chemistry.

TDDFT calculations and spectroscopic studies revealed that
the HOMO is consistently located on the five-membered
AmIm™ chelate ring and phenyl backbone, while the HOMO-1
involves the central Cu atom, the imidazoline-2-imine moiety,
and the amine region. In contrast, the low-lying LUMOs are
defined by the neutral donor ligand. This electronic arrange-
ment offers a rational design principle, as the excitation type
(LL'CT vs. mMLL'CT) and transition energies can be selectively
tuned by varying the ancillary ligand.

Notably, the tetrahedral complexes 4 and 5 exhibit broad
absorption bands in the visible to near-infrared region, yet
remain non-emissive. In contrast, the trigonal planar phos-
phine complexes 6-10 display solid-state fluorescence with
nanosecond-range lifetimes and biexponential decay profiles.
This distinct separation between absorber- and emitter-type
complexes demonstrates how coordination geometry dictates
photophysical behaviour and thus possible applications.

Among them, complexes 9 and 10, bearing chalcogen-
bridged phosphines, show the strongest luminescence, corre-
lating with enhanced HOMO-LUMO separation and extended
excited-state lifetimes (~29 ns). These properties position
them as promising candidates for OLEDs or sensing appli-
cations. Temperature-dependent time-resolved emission
studies confirm the presence of prompt fluorescence and rule
out thermally activated delayed fluorescence (TADF). The
absence of TADF simplifies the excited-state landscape and
points to genuine ligand-controlled fluorescence.

Electrochemical measurements indicate that the irrevers-
ible oxidation agrees with computational data and is traced to
the AmIm™ ligand. While the computational data suggests the
phosphine ligands to be the site of reduction, an assignment

This journal is © the Partner Organisations 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5qi01753j

Open Access Article. Published on 13 November 2025. Downloaded on 4/5/2026 12:02:44 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Inorganic Chemistry Frontiers

of the electrochemical experiments remains ambiguous. This
finding is comparable to six-membered p-diketiminate systems
and highlights the potential modularity of these new Cu(1)
systems.

This study introduces the HAmIm ligand family and estab-
lishes design principles for tuning the absorption and emis-
sion profiles of Cu(i) complexes. By expanding the N,N'-chelat-
ing ligand repertoire, HAmIm ligands open new avenues for
the design of photoactive materials. Future studies will include
further variations of the ligands, with a particular focus on iso-
nitriles and cyclic (alkyl)(amino)carbenes (CAACs), given the
recently reported benefits of such ligands in photoactive
copper complexes.®®
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