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Abstract

In this work, a tetrameric Cu(II) Schiff base complex [Tetrakis((u;-N-(3,5-dichlorosalicyclideneamino)ethanolato)-Cu(Il))],
(1), has been synthesized and structurally characterized by single crystal X-ray diffraction technique. In different concen-
trations (5-20wt%), complex (1) has been doped into poly(methylmethacrylate) (PMMA) as the polymer matrix using by
electrospinning technique to form Cu@PMMA nanofibers. Both complex (1) and electrospun Cu@PMMA nanofibers were
characterized using various techniques including field emission scanning electron microscopy (FESEM), photoluminescence
(PL) and Fourier transform infrared (FT-IR) spectroscopy. The photoluminescence (PL) characteristics of Cu@ PMMA com-
posite fibers in the solid-state were studied at room temperature. Furthermore, the temperature-dependent PL properties of
Cu@PMMA nanofibers, with a weight% of 15%, were investigated within a temperature range of 10-300 K. Cu@PMMA
nanofibers exhibited blue emission with excitation wavelength of 349 nm. Brilliant values of the chromaticity coordinates
of the prepared photoluminescent nanofibers predict their possible use in blue solid-state lighting applications.

Keywords Tetrameric Cu(II) complex - Crystal structure - Electrospinning technique - Luminescent nanofibers

1 Introduction and small pore sizes and show superior mechanical perfor-
mance compared to many other materials [6]. For this rea-

Nanotechnology has applications in almost every field such  son, by benefiting from the developments in nanoscience and

as physics, chemistry, biology, textile, mechanical, electrical
and tissue engineering, medicine, the pharmaceutical indus-
try, the defense industry and space research [1-5]. One of the
most important goals of nanotechnology is the design and
production of new materials on the nanoscale and the use of
existing nanostructures or particles in new applications by
making them more functional. Nanofibers as a member of
the nanomaterial class have high surface-to-volume ratios
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nanotechnology, it has been started to produce and investi-
gate their superior properties new materials with increased
properties in all fields such as computers that work much
faster, clothes that can adapt to the body, systems that cre-
ate and renew themselves, nanorobots that find and destroy
diseased cells, molecular food synthesis and war equipment
[7-11]. Nanofibers are used in many applications such as
medical and pharmaceutical applications such as drug and
gene delivery systems, wound-burn sealants, artificial blood
vessels and artificial organs-tissues [12—16]. Many methods
are used in the production of nanofibers such as phase sepa-
ration, self-assembly, fiber drawing, melt fibrillation, tem-
plate synthesis, interface polymerization, solution spinning
and electrospinning [17]. Among these, electrospinning is a
method used to produce nanofibers from solutions or melts
and electric force is applied to perform the spinning process
[18-20]. Electrospun nanofibers are used in many applica-
tion areas such as sensor construction, template development
for the preparation of functional nanotubes, production of
non-woven yarns, conductive polymer production and filtra-
tion systems [3, 21-24].
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The tetrameric Cu(Il) transition metal complex consti-
tutes an important class of compounds in cubic structures
in the form of ML, of four metal ions linked by hydroxo,
alkoxo, azido or sulfido bridges and are also promising
catalytic agents [25-34]. Among such complexes, many
alkoxo-bridged cubic complexes have become an important
subject of study as they also exhibit interesting structural,
magnetic and biological properties. In particular, polynu-
clear Cu(Il) complexes are noteworthy for their involvement
in many metabolic processes in living organisms and have
become important model compounds in the investigation
of the physical and chemical behavior of biological copper
systems [35].

In recent years, various polymers such as polymethyl
methacrylate (PMMA), polyvinyl alcohol (PVA), polysty-
rene (PS), polyacrylonitrile (PAN), polyvinyl pyrrolidone
(PVP) and polyethylene oxide (PEO) have been used with
different functional additives for fabricating the light-
emitting nanofibers [36-39]. PMMA which is one of the
most adaptable polymers for many fields has a wide range
of potential applications such as engineering, optical, bio-
medical, polymer conductivity, sensors, food packaging and
nanotechnology [40]. PMMA can be modified with nano
and molecular structures to obtain a wide variety of func-
tional materials. In this study, PMMA has been chosen as
a polymer and a tetrameric Cu(II) complex has been used
to obtain electrospun Cu@PMMA nanofibers. Limited
research has been conducted to investigate the morphologi-
cal, mechanical and photoluminescent characteristics of
electrospun nanofibers incorporating various copper com-
plexes, as indicated in Table S1 (in Supp. Info.) [41-46]. It
is understood from this table that the researches on organic
and/or inorganic component doped electrospun nanofibers
will shed light on future studies on new functional nanofib-
ers and their useful applications. To the best of our knowl-
edge, there have been no previous studies focusing on the
analysis of the structural, morphological, and photolumi-
nescent properties of Cu@PMMA nanofibers doped with
Cu(II) complex using the electrospinning technique. Hence,
this article makes a significant contribution to the existing
literature by presenting the preparation of Cu@PMMA
composite nanofibers through the utilization of the electro-
spinning technique, incorporating complex (1) at varying
concentrations (5-20 wt%). Furthermore, it focuses on the
examination of the solid-state photoluminescence properties
of these nanofibers at room temperature using UV laser exci-
tation at 349 nm in the visible region. Temperature depend-
ent PL properties of Cu@PMMA nanofibers (15 wt%) was
also investigated in the temperature range 10-300 K. The
composite nanofibers exhibited blue emission with 349 nm
excitation wavelength. From the bright values of the CIE
chromaticity coordinates of the obtained photoluminescent
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nanofibers, it is estimated that their use in blue solid-state
lighting applications is possible.

2 Experimental
2.1 Materials and Physical Measurements

In the synthesis procedure, copper(Il) chloride (CuCl,) of
99.99% purity, 3,5-dichlorosalicylaldehyde (99%), ethanol-
amine (99%), methanol (99.8%), N,N-dimethylformamide
(DMF; 99.8%) and PMMA were purchased from Merck
KGaA, Darmstadt, Germany and used without any purifi-
cation. The molecular weight of PMMA selected for the
preparation of nanofibers in this study is 350,000 by GPC.
The elemental analyses (C, H, N) were realized by standard
methods. Infrared spectra were measured in the range of
4000-600 cm~! with a Perkin-Elmer 1600 Spectrum. The
photoluminescence spectra in the solid state and the visible
region were measured with an ANDOR SR500i-BL Pho-
toluminescence Spectrometer at ambient temperature. The
measurements were performed by the use of an excitation
source (349 nm) of a Spectra-physics Nd:YLF laser with a
5 ns pulse width and 1.3 mJ of energy per pulse.

2.2 Synthesis of Complex (1)

To a methanol solution (30 mL) of 3,5-dichlorosalicylalde-
hyde (1 mmol) was added a methanol solution (20 mL) of
ethanolamine (1 mmol) with stirring at room temperature
for 1 h. To the resulting yellow solution was added CuCl,
(1 mmol) in 50 mL methanol and stirred in air condition
at room temperature for 1 h more. After the resulting clear
green solution was kept at room temperature for 3 weeks,
the single crystals of complex (1) suitable for X-ray analysis
were obtained. The synthetic route of the copper complex
is outlined in Scheme 1. Complex (1): Green crystals, yield
78%. Anal. Calc. for complex (1): C34H,3ClgCu,N,Oq: Calc.:
C, 36.57; H, 2.39; N, 4.74%. Found: C, 37.01; H, 2.54; N,
4.65%.

2.3 Preparation of Cu@PMMA Nanofibers
by Electrospinning Technique

To prepare the electrospinning solution, PMMA (0,399 g)
was dissolved in N,N-dimethylformamide (DMF) and then
stirred on a magnetic stirrer for about 12 h until a homogene-
ous solution was obtained. Then, different amounts of com-
plex (1), corresponding to 5% (0,0199 g), 10% (0,0399 g),
15% (0,0598 g) and 20% (0,0798 g) by weight, were added
to PMMA and mixed for another 12 h at room temperature
until a homogeneous solution was obtained.
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Scheme 1 The synthetic route of complex (1)

Electrospinning was carried out in the laboratory spin-
ning unit (SPINGENIX SG-1) under a 13.5 kV by a DC
high-voltage generator in horizontal alignment. The final
solutions mentioned above were placed in a 5 mL plas-
tic syringe with a capillary with an inside diameter of
0.37 mm. A fluid supply rate was set at 1 mL/h and the
distance between the collector and the needle tip was set
at 20 cm. Randomly arranged nanofibers were assembled
onto an electrically grounded aluminum foil. Next, the
composite fibers were placed in a vacuum drying oven
at 40 °C for 12 h to remove residual organic solvent. The
composite nanofibers obtained in this study were labeled
as follows: 5% by weight (A), 10% by weight (B), 15% by
weight (C), and 20% by weight (D) for Cu@ PMMA.

2.4 X-Ray Crystallography

The single crystal X-ray data for complex (1) were col-
lected on an Oxford Diffraction Xcalibur-3 diffractometer
equipped with a CCD camera using a monochromatic
MoKa source (A=0.71073 A at 296 K). The programs
CRYSALIS CCD and CRYSALIS RED [47] were used for
the data collection and reductions. The crystal structure
was solved using SHELXS [48] by direct methods and
refined using SHELXL [49] by using full-matrix least-
squares against |F,, |* with using the interface of the Olex2
program [50]. The detailed supramolecular n-interactions
and hydrogen bond geometry were investigated with a
Platon 1.17 program [51]. The crystallographic data and
structure refinement details for (1) have been summarized
in Table 1.

Table 1 Crystal data and refinement information for complex (1)

Chemical formula C;6H3CleCu,yN,Oq

Formula weight (g/mol) 1182.449

Crystal system Monoclinic

Space group C2/c

Unite cell dimensions a=27.661(3) A a=90°
b=7.3834(4) A f=130.051(19)°
c=27.271(3) A ¥=90°

VA 4263.4 (14)

z 4

Pleateyr (&cm™?) 1.842

u(mm™") 2.525

0,in-Omax () 3.7-325

h,k,l index —40<h<40

-11<k<10
-40<1<39

Reflections collected 29,038

Independent reflections 7126 [R;,=0.213]

Goodness-of-fit on F? 0.76

R, [1>20(D)] 0.060

wR, 0.083

3 Result and Discussion
3.1 Crystal Structure Determination of Complex (1)
X-ray structure analysis shows that the copper atoms of

complex (1) are five-coordinated and arranged to form
a tetranuclear cubane-like structure in the Cu O, form.
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Fig.1 X-ray crystal structure of complex (1)

However, the equatorial position of the five-coordinated
Cu(II) atoms is occupied by a phenoxo oxygen atom, an
imine nitrogen atom and an alkoxo oxygen atom, while
the axial position is occupied by two other alkoxo oxygen
atoms of the neighboring Schiff base ligands. X-ray molec-
ular structure of (1) with atom labeling is shown in Fig. 1.

The cubane-like core of complex (1) and the coordination
of copper atoms in the distorted square pyramid structure is
shown in Fig. 2. Cu(Il) atoms form as a cubane-like struc-
ture with the bridging alkoxo oxygens of the Schiff base
ligands where the copper ions are located at the diagonal
corners of the cube. For the coordination of metal atoms,
the coordination deterioration from trigonal pyramidal
geometry (TBP) to square bipyramidal (SP) geometry is
determined by the Addison distortion index [52, 53]. The
distortion index is defined as T = (o — $)/60 where o and 8
are the largest coordination angles of the metal atom. When
the distortion index is T=0, the geometry of the complex
is square pyramid geometry, and when t=1, it is the ideal
trigonal bipyramid geometry [52, 53]. The structural dete-
rioration indexes of Cul and Cu2 atoms in (1) were found
as Ty =Ty =0.001 and T, =Ty =0.042, respectively.

@ Springer
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In this case, each copper(Il) atom has a distorted square
pyramidal geometry. The coordination of copper atoms
in the distorted square pyramidal geometry and its cubic
center in the form of Cu,O, are shown in Fig. 2. Cul and
Cu2 atoms deviated from the plane formed by the O-N-O
atoms of the Schiff base ligand and the oxygen atom in the
amine group of the adjacent Schiff base ligand by 0.164 A
and 0.185 A, respectively. Some selected bond lengths and
bond angles between the atoms forming the coordination of
the Cu(Il) atoms are given in Table 2. The equatorial Cu—O
bond lengths range from 1.881 (4) to 1.981 (4) A, while the
axial Cu—O bond lengths are in the range of 2.325 (5)-2.345
3) A. This can be explained by the Jahn—Teller extension.
The closest intramolecular non-bonding Cu---Cu lengths are
2.892 and 3.242 A. These values appear to be similar when
compared to those in similar copper complexes reported in
the literature [54-56].

Figure 3 shows the 3D molecular packing of the
cubane-like copper complex. As seen in Fig. 3, complex
(1) shows a very interesting packaging that is repeated
in three dimensions, positioned opposite and parallel to
each other. It was found that ligands surrounding the cubic
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04

Fig.2 a The coordination environment of Cu(II) ion, b Cubane-like core structure of complex (1)

Table2 Some selected bond lengths [A] and angles [°] for complex
@

Bond lengths (A)
Cul-Cul 2.8927 (16) Cu2—Cu2! 2.9204 (14)
Cul-01 1.881 (4) Cu2-03 1.883 (3)
Cul-02 1.948 (4) Cu2-02' 2.324 (5)
Cul-02! 1.981 (4) Cu2-04 1.962 (3)
Cul-04 2345 (3) Cu2-04' 1.969 (3)
Cul-N1 1.913 (4) Cu2-N2 1.922 (4)

Bond angles (*)
02-Cul-O1 9524 (16) 02-Cu2-03 104.83 (15)
02-Cul-01  172.58 (17) 04-Cu2-03  97.18 (16)
04-Cul-01 108.55 (13) 04-Cu2-03 173.41 (15)
04-Cul-02'  78.48 (15) 04-Cu2-02  79.24 (14)
04-Cul-02  81.32(16) 04-Cu2-02  81.60 (14)
NI-Cul-O1  95.18 (18) N2-Cu2-03  94.60 (19)
NI-Cul-02'  84.70 (18) N2-Cu2-02  113.18 (17)
NI1-Cul-02  163.39 (19) N2-Cu2-O4  83.98 (18)
NI-Cul-O4  107.45 (15) N2-Cu2-041  160.02 (15)
Cu2-02-Cul' 10128 (19) Cu2'-04-Cul  100.90 (14)
Cu2-02-Cul  98.38 (18) Cu2-04-Cul  97.26 (14)

Symmetry code - x,+y,— z+3/2

core in this three-dimensional package structure have weak
ligand---ligand interaction with neighboring molecules and
the non-bonding CI---Cl distances are 3.374 A and 3.491
A. As can be seen in Fig. 4, the closest intermolecular non-
bonding Cu---Cu distance between neighboring molecules
along the bc-plane is 5.206 A.

3.2 FT-IR Spectra

The IR spectra of (1) and Cu@PMMA nanofibers have
been obtained in the region 4000-600 cm™"' (Fig. 5). The
IR spectra of (1) show two absorption bands occurred
in the range 2906-2854 cm™! are described to the ali-
phatic vc_y, stretches [57, 58]. The spectrum shows that
the azomethine group v_cy_n-, stretching frequency of
the coordinated ligand is observed at 1643 cm™ as com-
pared to 1641 cm™' observed for the free ligand [59]. As
expected, the shift of this band towards a higher wavenum-
ber is related to the complexation with the metal ion and
free ligand and also indicates M—N linkage which proves
the coordination nitrogen atom of the imine group with the
metal ion in complex (1). The phenolic C—O group of free
Schiff base ligand indicates a strong band in the region of
1224-1199 cm™! [60], whereas, in complex (1), this band
is observed in the lower wavenumber at 1209-1161 cm™ 1.
This band has shifted to a higher wavenumber which is
also proving the coordination of the phenolic O atom
to the metal center. It is seen that complex (1) supports
the structure of the examined IR spectrum illuminated
by X-ray structure analysis. At the same time, as seen
in Fig. 5 the peak at 1727 cm™! could be related to the
C=0 stretching band of PMMA, the peak mentioned was
slightly red-shifted to 1729.84 cm™! in the Cu@ PMMA
nanofibers, which was attributed to the mutual effect of the
oxygen atoms provided by the carbonyl group of PMMA
and Cu®" ions in the complex.
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Fig. 3 3D packing structure of (1) along the c-axis (H atoms omitted for clarity)

Fig.4 The distance of intermo-

lecular non-bonding Cu---Cu b
between the nearest neighboring
molecules in the packed struc- c

ture of (1) along the bc-plane
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Fig.5 IR spectra of complex (1), PMMA, and Cu@PMMA
(5-20wt%) nanofibers

3.3 Morphology of Cu@PMMA Nanofibers

The morphologies of Cu@ PMMA composite nanofibers
were investigated by using FESEM (5-20 wt%; given as
insets in A, B, C and D in Fig. 6). The SEM images show
that the fibers are randomly arranged and overlap each other
and the surface of the composite nanofibers is smooth with-
out identifiable particles, suggesting that the complex (1)
might be uniformly dispersed into the nanofibers. The aver-
age diameters of Cu@PMMA nanofibers are 148, 196, 270
and 307 nm for A, B, C and D, respectively. Various fac-
tors, such as solution concentration, applied voltage, solution
velocity, tip-to-collector distance, and solution properties
(such as polarity, surface tension and electric conductivity),
have a well-known influence on the diameters and morphol-
ogy of electrospun nanofibers [61]. Among these factors,
polymer concentration is a critical determinant of the viscos-
ity of the polymer solution, which significantly affects the
electrospinning process. Therefore, increasing percentages
of complex (1) added to PMMA/DMF solutions increased
the viscosity of the solutions, resulting with increasing
nanofiber diameters.

3.4 Photoluminescence Properties

The solid-state emission properties of PMMA, complex
(1), and Cu@PMMA composite fibers were recorded at
room temperature under UV excitation at 349 nm (Fig. 7).
The PMMA fibers give a broad emission band centered
at 522 nm due to the & — & transition of PMMA under
UV excitation at 349 nm [62, 63]. The photolumines-
cence properties of Cu@PMMA fibers were studied in

detail depending on the additives of 5, 10, 15 and 20% by
weight of complex (1). It is important to research the dif-
ference between the solid-state photoluminescence spectra
of complex (1) and Cu@PMMA composite fibers. The PL
spectra of the complex (1) and the Cu@PMMA compos-
ite nanofibers showed strong and characteristic emission
bands. The emission spectrum of complex (1) shows a
broad band with a maximum wavelength of 470 nm. The
emission properties created by this broadband probably
appear as ligand-centered charge transfer. The blue emis-
sion band formed by complex (1) with a central wave-
length of 470 nm can be defined as the n—n* or t—n*
ligand-centered transition [60, 64].

When the photoluminescence intensities of complex (1)
and Cu@PMMA composite fibers are compared, no differ-
ence was observed in the shape and position of the charac-
teristic peaks when the doping concentration of complex (1)
increased. However, the luminescence intensity increased
with the complex (1) concentration and the maximum emis-
sion intensity was 15% by weight in the composition. Fol-
lowing this, the luminescence intensities gradually decrease
with a further increase of Cu?* concentration, which so-
called concentration quenching phenomenon [65, 66].

Concerning the mechanism of energy transfer in com-
posite fibers, the concentration quenching phenomenon of
photoluminescence is attributed to the non-radiative energy
transfer among the same luminescence centers, such as Cu?+
ions here. The critical distance (Rc), among activator ions
at the regime of concentration quenching, is discussed for
investigating the energy transfer mechanism. The critical
transfer distance (R_) and critical concentration value (x.)
can be calculated using the relation given by Blasse

1/3
R.=2 3V
4zx.N

where V is the unit cell volume and N is the number of lat-
tice sites in the unit cell available for activator ions [67]. For
Cu@PMMA nanofibers, V=1182.449 A%, N=4, and also
X, is equal to the critical concentration of 0.15. Thus, the R
is calculated to be 9.80 A. Non-radiative energy transfer can
result from two main mechanisms: multipolar interaction
and exchange interaction. However, the calculated optimum
R, value implies a low probability of the exchange interac-
tion mechanism. The critical distance of the exchange inter-
action is responsible for the energy transfer of the forbid-
den transition. According to available literature, the typical
critical distance is about 5 A [68-70]. Based on the above
calculations, the mechanism of exchange interaction does
not play an important role in the energy transfer process
between Cu?* ions in the host matrix. Thereby, we estimate
that multipolar-multipolar interaction is responsible for the
predominant concentration quenching of Cu?** ions in Cu@

@ Springer
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Fig.6 FESEM images and size distribution and EDX (al-d1) of Cu@PMMA nanofibers (5-20wt%; given as insets in A, B, C and D) and
elemental mapping of the carbon (a2—d2), oxygen (a3—d3), nitrogen (a4—d4) and copper (a5-d5)
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Fig.6 (continued)

CI Element Series Weight (%) | Atomic (20)
Carbon K-Series 77.67 §2.39
Oxygen K-Series 18.77 14.95
Nitrogen K-Series 2.74 2.49
Copper L-Series 0.82 0.16
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1

Opm

Element Series Weight (%6) | Atomic (%)
Carbon K-Series 70.34 76.25
Oxygen K-Series 26.01 21.17

Nitrogen K-Series 2.53 2.35
Copper L-Series 1.12 0.23
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Fig.8 a Comparison of the total emission intensities of Cu@PMMA (5-20 wt%) nanofibers at room temperature due to complex (1) contribu-

tion (M. =349 nm), b Fitting of Log (I/x) against Log(x) in Cu@PMMA, x =Cu(Il) (x=0.05, 0.1, 0.15 and 0.2)

PMMA. Based on Van Uitert and Dexter-Schulman’s view, where x represents the concentration of the activator ion,

the emission intensity (I) per activator ion is related as below  and K’ is a constant for the same excitation condition for a

[71,72]; given host matrix. The value of the fitting constant 0 are 3,
] 0 6, 8 and 10 and for this increasing order are the exchange

lg(;) x— glg(x) +K interaction, dipole-dipole, dipole-quadruple and quadruple-

quadruple interactions, respectively. The linear fitting has
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Fig.9 PL spectra of Cu@PMMA (15%) composite nanofiber sample
from 10 to 300 K

been performed on the dependence 1g(I/x) on 1g(x) and the
slope of the solid red line calculated is — 1.69 in Fig. 8b. As
a result, the value of 0 can be calculated as 5.07, which is
close to 6. As a result of dipole-dipole interaction, quenching
concentration occurs in Cu@PMMA nanofibers [66, 73-75].

The other effective approximation for the luminescence
concentration quenching (CQ) effect can be summarized as
follow:

It could be considered that the distribution in the com-
plex PMMA host is close to homogeneous at low percent-
ages. Thus, fading of luminescence due to metal-metal
interactions is prevented. However, it can be seen that
the emissions of the Cu@PMMA matrix were remark-
ably enhanced with the increasing amount of Cu®** and
reached its maximum value at 15 wt%. When the further
increase doping amount of the Cu* ions in the complex,
the PMMA matrix cannot avoid metal-metal interac-
tions. Subsequently, the luminescence intensity starts to
decrease due to the concentration quenching effect occa-
sioned by the increase in doped Cu?* ions in Cu@ PMMA
[76].

In Fig. 8a, it has been determined that the photolumi-
nescence emission intensity increased as the weight%
of complex (1) (up to 15%) increased in composite
nanofiber materials. With the increase of the percentage
of complex (1) in the composite nanofiber material, due
to the clustering of Cu®* centers at such a microscopic
level, the increasing complex (1) content after this level
started to reduce the intensity of diffusion. Such a reduc-
tion indicates that complex (1) forms an inhomogeneous

distribution in the polymer matrix and aggregates at the
molecular level [77-80].

Thermal evaluation is crucial for a better understand-
ing of optical properties. Low-temperature measurements
reveal some spectral profiles. The resolvable spectral
peaks can be analyzed as detailed in cryogenic tempera-
tures. On the contrary, some spectral detail can be disap-
pearing at room temperature due to thermal expansion
[81].

Temperature-dependent PL measurements of the Cu@
PMMA (15 wt%) composite nanofiber sample were carried
out within the temperature range 10-300 K and shown in
Fig. 9. From the figure, it can be seen that the peak shapes do
not get influenced due to the temperature variation and the
main emission band is slightly red-shifted with increasing
temperature. We estimate that this may be due to the follow-
ing reasons. With the temperature increased, the crystal field
strength decreases due to the lattice thermal broadening and
the band gap narrows with the interaction of electrons and
lattices [81, 82].

The emission intensities of Cu@PMMA (15 wt%) com-
posite fiber sample decreased obviously with temperature
from 10 to 300 K, which should be caused by thermal
quenching. The enhancement of temperature causes the
reduction in the intensity of the peak since the temperature
enhancement the number of molecules in the excited state
more and more increases, while the ratio of the number of
molecules in the excited state of the low energy level is
reduced. Meanwhile, the emission intensity band undergoes
a remarkable decrease due to the increase in the thermally
activated non-radiative transitions [83].

The International commission on illumination (CIE)
chromaticity coordinates for both complex (1) and Cu@
PMMA composite fiber samples have been computed based
on the corresponding PL spectra and shown in Fig. 10. When
compared with the CIE coordinates of complex (1), it can
be noticed that the colour coordinates moving towards the
blue region with the addition of Cu(II) complex into the
electrospun Cu@PMMA nanofibers. The CIE plots indi-
cate that the color coordinates of complex (1) are located at
(0.292, 0.305) and it is shifted to (0.269, 0.272) with Cu@
PMMA (15 wt%) nanofiber obtained by implementation of
the electrospinning process. For Cu@ PMMA (15 wt%), the
color coordinates shifted to blue with decreasing the tem-
perature [84].
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Fig. 10 Color coordinates in 0.9 T
the CIE-1931 chromaticity
diagrams, a for complex (1) and
Cu@PMMA nanofibers (given
as insets in A, B, C and D), b
for Cu@PMMA (15%) com-
posite nanofiber sample in the
temperature range 10-300 K
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4 Conclusion

In this study, tetranuclear copper(Il) Schiff base complex
(1) was synthesized and its crystal structure was investi-
gated by single crystal X-ray diffraction technique. Cu@
PMMA composite nanofibers were prepared successfully
by using the electrospinning technique with different con-
centrations (5-20 wt%) of complex (1). The morphologi-
cal properties and solid-state photoluminescence properties
of Cu@PMMA nanofibers at room temperature and low

@ Springer

x-chromaticity coordinate
(b)

temperature was investigated. The well-aligned photolu-
minescent nanofibers have average diameters from 148 to
307 nm.

The experimental findings demonstrated a pronounced
enhancement in the room temperature photoluminescence
(PL) emissions of Cu@PMMA nanofibers as the Cu>* con-
tent increased. This increase continued until it reached
a peak at 15 wt%. Subsequently, a phenomenon known
as concentration quenching occurred due to the escalat-
ing concentration of Cu?* ions. This led to undesired
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metal-metal interactions, resulting in a decrease in the
luminescence intensity. Notably, the PMMA matrix exhib-
ited limited capability to mitigate these interactions, fur-
ther contributing to the observed decline in luminescence
intensity. Temperature-dependent photoluminescence
(PL) measurements were conducted on the Cu@PMMA
(15 wt%) nanofiber sample over a temperature range of 10
to 300 K. A notable observation was made as the tempera-
ture increased: the emission intensities of the Cu@ PMMA
nanofibers exhibited a clear decline from 10 to 300 K. This
decrease in emission intensity can be attributed to thermal
quenching effects induced by the elevated temperatures.
The Cu@PMMA composite nanofibers exhibited blue
emission with 349 nm UV excitation. Brilliant values of
the chromaticity coordinates of the prepared photolumi-
nescent nanofibers predict their possible use in blue solid-
state lighting applications.
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