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Abstract Bluish-green photoluminescence from calcium
8-hydroxyquinolate (Caq2) powder, synthesized by a co-
precipitation route, and a blended Caq2:PMMA thin film
is reported. The film was obtained by mixing the Caq2
powder with PMMA (Polymethylmethacrylate) in a chlo-
roform solution. X-ray diffraction analyses confirm the
formation of the Caq2 powder and thin film. Further
structural elucidation was carried out using Fourier trans-
form infrared spectroscopy (FTIR) in which the stretching
frequencies of the Caq2 bonds were determined. Bluish-
green photoluminescence with a maximum at 480 nm was
observed from the powder and the emission was red-shift
by 10 nm in the case of the thin film. The UV-vis absorp-
tion bands were split and shifted due to different orienta-
tions of the Caq2 molecules in both the powder and thin
film. It was confirmed by thermogravimetric (TGA) and
differential thermal analysis (DTA) that the Caq2 powder
was stable up to≈380 °C. Atomic force microscopy
images showed the continuous distribution of the Caq2
atoms in the PMMA thin film. X-ray photoelectron spec-
troscopy data was used to estimate the binding energies of
the chemical bonding in the Caq2 powder complex. The
optical properties of the Caq2 powder and thin film were
evaluated for possible applicable in organic light emitting
devices.
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Introduction

In recent years, research focus has been on the synthesis
and characterization of light-emitting organic com-
pounds for possible application in different types of
electroluminescent devices [1, 2]. In most cases, the
focus has mainly been on the electronic and geometric
structures of polymer compounds that contains quinolate
groups such as tris(8-hydroxyquinoline) aluminium (III)
or Alq3 and bis(8-hydroxyquinoline) zinc (II) or Znq2
[3, 4]. Although many other different materials are used
in electroluminescence devices for different purposes,
Alq3 still remains the material of choice for most basic
and applied research [5]. For example, Alq3 is widely
used in organic light emitting diodes (OLEDs) as elec-
tron transporting and green emitting layer. Emission
inefficiency and shorter life time [6] are, however, still
major challenges facing Alq3 in many technological and
industrial applications [2, 3, 6]. Although it has been
reported that Znq2 has advantages such as higher injec-
tion efficiency, low operating voltage and high quantum
yields compared to Alq3 [7, 8], it has also been reported
to be insoluble in common solvent making it difficult to
study its luminescent properties in solvated media [1].
One other complex polymer that can be used in OLEDs
is bis(8-hydroxyquinoline) Ca (II) or Caq2 because of
its resemblance to Znq2. In addition, Caq2 has advan-
tage such as comparable absolute photoluminescence
efficiency to Alq3 and Znq2 [9]. However, limited basic
information on the structure and optical properties,
among other things, of this compound in the literature
could be one of the reasons why it is less popular than
Alq3 and Znq2. As a result, this study sets out to
evaluate the crystal structure, optical and thermal prop-
erties of Caq2 in powder and polymethylmethacrylate
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(PMMA) blended thin film forms. The structure, optical
properties and thermal stability of the power and thin
Caq2 film samples were analyzed using X-ray diffrac-
tion (XRD) and Fourier transform infrared spectroscopy
(FTIR), Uv-vis absorption and fluorescence spectroscop-
ies and the thermal stability was analyzed using Differ-
ential Thermal Analysis and Thermal Gravimetry
Analysis (DTG-TG) respectively. In addition, the chem-
ical and electronic states of the samples were analyzed
using X-ray photoelectron spectroscopy while the sur-
face topography was analyzed by atomic force microscopy.

As widely reported in the literature, the nature of an
attached metal ion influences the emission color, effi-
ciency, stability and evaporability of metal quinoline
derivatives. For example, changing the central metal
ions (like Al, Ga, Zn) was shown to influence the
photoluminescence peak position of the metal quinoline
derivatives [9, 10]. In addition, its fluorescence efficien-
cy has been shown to decrease with increasing atomic
number of the metal ion, which is caused by an increase
in intersystem crossing known as heavy atom effect
[10]. For example, green emission is observed when a
quinolate complex is doped with the Zn metal ion, and
when the Zn ion is substituted by the Ca ion, the
emission is blue-shifted. If calcium complexes are typ-
ically coordinated by organic ligands that provide the
effectiveness of the sensitization and a subsequent en-
hancement of the luminescence intensity [9], they can
then be used as potential optical emitters in OLED
devices and amplifiers.

Experimental

Synthesis Method

The co-precipitation method was used to synthesize crystal-
line Caq2 (calcium hydroxyquinoline). Calcium nitrate (Ca
(NO3)24H2O), 8-hydroxyquinoline (C9H7NO), acetic acid
(CH3COOH) and ammonium solution (NH4OH), all of ana-
lytical purity were used as starting materials. The calcium
nitrate and 8-hydroxyquinoline were combined to yield a
composition with the general formula Ca(C9H7NO)2. The
ratio of nitrate to quinoline used was 1:2. Ammonium hydrox-
ide (NH4OH) and acetic acid were used respectively as pre-
cipitating and acidic agents. 8-hydroxyquinoline (C9H7NO)
was slowly dissolved in 25 ml double distilled water and then
10 ml of acidic acid was added into the solution. The solution
was then stirred well at 50 °C for 4 hr. An orange transparent
solution was obtained. This was referred to as mixture-1. In a
separate glass beaker, calcium nitrate was dissolved in 15 ml
double distilled water, was stirred vigorously at 50 °C for 1 hr
and resulted in a transparent solution that was referred to as
mixture -2. The twomixtures were combined and the resulting
suspension was stirred at 50 °C for 1 hr. A solution of NH4OH
(precipitating agent) was then added drop by drop while
stirring continuously until a yellowish green precipitated was
formed. The precipitate was filtered out, and was washed
several times with double distilled water to remove unwanted
unreacted impurities. The sample was then kept at 80 °C to
dry. The three steps reaction mechanism for the formation of
the Caq2 is presented in Fig. 1.

Fig. 1 The overview synthesis
mechanism of Caq2 powder
sample
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Thin Film Preparation

PMMA blended Caq2 thin film was prepared by mixing
solutions of 1 g of PMMA and 0.1 g of Caq2 respectively in
20 and 10 ml of chloroform. The mixture was stirred vigor-
ously and the resulting solution was transferred to a stainless
steel plate and was dried at room temperature. The molar
concentration ratio of Caq2 to PMMA in the film was 0.1:1.

Characterization Techniques

The powder and thin films were characterized by X-ray diffrac-
tion using a Bruker XRD with CuKα radiation (λ01.541 Å).
The morphology of the Caq2 powder analyses was carried out
using a Shimadzu’s SSX-550 scanning electron microscope
(SEM). Atomic Force Microscopy (AFM) pictures were
obtained from the Shimadzu SPM-9600 model. TG–DTA data
were collected using a Perkin-Elmer Pyris Diamond TG–DTA
instrument at a heating rate of 10 °C/min under a dry air
atmosphere using α-alumina (a-Al2O3) as a standard. An infra-
red spectrum of the sample was recordedusing a Perkin-Elmer
Spectrum One FT-IR spectrophotometer using the KBr disk
method. Perkin Elmer LS950 lambda UV–Vis spectrophotom-
eter was used to study absorption bands of the Caq2 powder.
The photoluminescence (PL) properties of the Caq2 powder
and blended Caq2-PMMA thin films were measured using a
Shimadzu spectrophotometer (RFPC-5301) at room tempera-
ture using a monochromatized Xenon flash lamp as an excited
source. The chemical composition of the Caq2 powder was
analyzed using a PHI 5000 versa probe X-ray photoelectron
spectrometer (XPS). The XPS data were collected when the
samples were irradiated with a monochromatic Al Kα radiation
(hν01486.6 eV). Survey scans were recorded using a 1 eV/
step (binding energies ranging from 0 to 1400 eV). The sample
area analyzed was about 1 mm2 and the pressure during data
acquisition was typically under 1×10−8 Torr. The experimental
curves were fitted using a multipack v8.2c data analysis soft-
ware provided with the PHI-5000 versa-probe ESCA instru-
ment that made use of a combination of Gaussian–Lorentzian
lines.

Results and Discussion

Structure and Morphology Analysis

The XRD patterns of Caq2 powder and Caq2:PMMA are
shown in Fig. 2. The sharp diffraction peaks that were
indexed to the crystalline structure of Caq2 were detected
from the powder sample. In the case of the blended Caq2:
PMMA thin film, a limited number of diffraction peaks
produce from the amorphous background suggesting that
the film was a mixture of crystalline and amorphous phases.

The measured peak positions and relative intensities are
listed in Table 1. The difference in the diffraction pattern
of the powder and thin film suggests that the crystalline
phase of the Caq2 powder in the resulting film has changed
[11], which may be due to the interactions between the Caq2
molecule and the oxygen atoms in the PMMA chains.
Although the structure of Caq2 has not been reported yet,
we speculate that it crystallized in a stable tetramic phase,
i.e. (Caq2)4. This speculation is consistent with the structure
of Znq2 whose chemical formula is in many respects similar
to that of Caq2. Note that the crystal structures of both
dihydrate and anhydrous Znq2 have been predicted by the-
oretical studies. The dihydrate Znq2 is predicted to crystal-
lize in planer geometries while the studies of anhydrous
Znq2 predicted distorted planar or tetrahedral geometries
[7, 12]. A few reports based on theory and experiments
suggest that anhydrous Znq2 (in powder or thin film form)
have a tetrameric structure (Znq2)4 with two Zn2+ ion
centres with six- and five-coordinate geometry [12, 13]. In
addition, Hopikins et al. [8] suggest that Znq2 may exist as
tetramers in chloroform solvent but partially dissociate to

Fig. 2 XRD pattern of the Caq2 powder and thin film of Caq2:PMMA
(0.1:1ratio), (inset the molecular structure of the Caq2 matrix)

Table 1 Measured XRD peak positions and relative intensities of
powder (Caq2) and thin film (Caq2:PMMA)

Peak position
(2θ)

Relative
Intensity (a. u.)

Powder 10.98 379

14.12 135

19.06 205

20.59 614

25.18 145

29.10 174

35.40 50

Thin film 20.23 582

29.25 76

35.24 130
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monomers in nucleophilic solvent such as DMSO (Dimethyl
sulfoxide). Similarly, we propose a stable tetrameric
[(Caq2)4] with two distinct crystallographic Ca [Ca1 and
Ca2] atoms of different coordination geometries. Consistent
with the Zn atoms in the (Znq2)2 structures discussed in ref.
[7], Ca1 are penta-coordinated while Ca2 atoms are hexa-
coordinated resulting in a distorted octahedral geometry.
The structural overview of the Caq2 in the inset of Fig. 2
was drawn according to similar zinc quinolate (Znq2) struc-
ture reported in ref [7]. According to this structure, Caq2
metal chelates composed of one metal calcium ion (Ca2+)
and two 8-hydroxyquinoline molecules. Figure 3 (a) and (b)
show the low and high magnification SEM images of the
Caq2 powder while figures (c) and (d) show the two and
three dimensional AFM images of the Caq2:PMMA thin
film . The Caq2 powder consisted mainly of porous and
spheroidal chunks of particles whose diameter is in the
range of 10–20 μm. The enlarged SEM image in Fig. 3(b)
suggests that the chunks of powder were formed from an
agglomeration of a large number of smaller particles. The
Caq2 powder is distributed evenly along the PMMA poly-
mer film as clearly observed from the 2-d and 3-d images of
the AFM pictures shown in Fig. 3(c) and (d).

Thermogravimetric Analysis of Powder Sample

The TG–DTA curves of the Caq2 powder are shown in Fig. 4.
The endothermic peaks due to the melting and vaporization of
water and 8-Hq (8-hydroxyquinoline) at around 122.5 and
326.7 °C were absent in the DTA curves, suggesting that there
were no phases of unreacted 8Hq in the final product [14]. The
endothermic reaction of the Caq2 starting from room temper-
ature, which was accompanied by a weight loss, is ascribed to
desorption of adsorbed moisture. Note that Caq2 was prepared
at a temperature of 80 °C under ambient conditions, and
therefore a very small amount of adsorbed H2O was probably
present on the surface. The TGA analysis (Heat flow) of Caq2
showed that the gas evolved at 122.5 °C was in the form of
water vapour [14]. In the TGA curves of the Caq2 the second
weight loss, which was only a very small percentage (less than
2 %) was observed in the 140–326.7 °C temperature range. In
the corresponding DTA curve of the Caq2 the exothermic
peak, which was observed at the 120–240.4 °C temperature
range, can be ascribe to the dehydration of the coordinated
water molecules (H2O) of the intercalated complex [13]. The
DTA curve followed the partial decomposition of the anhy-
drous complex [15] near 337.9 °C. In the corresponding DTA

Fig. 3 a, b, c and d SEM micrographs of Caq2 powder and AFM micrograph of the thin film of Caq2:PMMA
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curve, the exothermic peak was observed at 379.6 °C and is
ascribed to the volatilization and/or the decomposition of the
anhydrous Caq2 complex, which is in consistent with zinc
quinolate [14]. The third weight loss between 370 and 431.8 °C
from the TGA curve corresponds to the exothermic peak at
379.6 °C in the DTA curve. In the DTA curve, the peak at
397.9 °C can be attributed to the evaporation and oxidative
decomposition of the coordinated 8Hq, which is consistent with
other metal (Zn, Nb, Pb) quinolates [16]. The last weight loss
between 431.8 and 495.5 °C in the TGA curve occurred
concurrently with the exothermic peaks between 397.9 and
491.4 °C in the DTA curve. The last weight loss occurring
between 431.8 and 495.5 °C can be attributed to the final
pyrolysis of 8Hq [17]. By comparing the TG–DTA curves of

the host materials, the thermal behavior was ascribed to the
decomposition of intercalated 8Hq from Caq2 phosphor.

FTIR Spectroscopic Analysis of Powder Sample

In the FTIR spectra of the Caq2 powder shown in Fig. 5, the
absorption bands are characteristic of the 8Hq. The C–H out
of plane bending and waging modes with strong relative
intensities were detected at 711, 749, and 804 cm−1 and the
plane stretching modes were detected at 1209, 1228 and
1283 cm−1 [18]. The absorption bands in the range of
1719–2397 cm−1 were characteristics of 8Hq that can be
assigned to the C0C plane bending and stretching modes.
These bands were slightly shifted to higher frequency

Fig. 4 TG-DTA spectrum of
the Caq2 powder

Fig. 5 FTIR spectrum of the
Caq2 powder
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regions compared to free 8Hq molecules [18]. This is due to
the coordination between the 8Hq molecule and the calcium
exchanged cation in the interlayer spaces of Caq2. This
confirms the chelation between 8Hq and metal cations Ca
(II) in the interlayer spaces of Caq2. The characteristic
absorption bands ascribed to Caq2 were observed at 648,
576, 549, 523 and 470 cm−1 and can be ascribed to the plane
and ring deformation of the intercalated complex. These he
data are in agreement with the FTIR data of Znq2 reported in
ref [19]. The plane and ring deformation of 8Hq peaks were
observed at around 860–979 cm−1. The absorption charac-
teristics band of Ca-O was observed at 455 cm−1 [20]. The
metal bonding with the quinoline molecules are given by the
characteristics peaks at 1333, 1385, 1423, 1579 and
1603 cm−1 [19]. The phenyl/pyridine hydroxyl group of 8-
hydroxyquinoline ring shows two characteristic peaks at
1470 and 1498 cm−1 due to the phenyl groups [21]. The
O-H vibration bands were detected at 2565–3045 cm−1 [21].
The wave numbers (cm−1) of infrared bands of the products
and their assignments are listed in Table 2. The FTIR spectra
did not show any additional absorption bands due to decom-
posed species, confirming no decomposition of 8Hq. This
strongly suggests that stable Caq2 complex was formed.

Absorption and PL Analyses

Absorption Measurement

The diffuse absorption spectra of Caq2 powder, Caq2:
PMMA (0.1:1) thin film and pure PMMA film are shown
in Fig. 6(a). The major absorption band of the Caq2
powder was observed at around 340 nm with a shoulder
at 410 nm. The band at 340 nm is assigned to electron

transition from the HOMO orbit in the phenoxide ring to
the LUMO orbit in the pyridine ring due to π–π* bonding
of the 8-hydroxyquinoline unit of the calcium complex.
The absorption band that was observed at around 260 nm
can be ascribed to a charge transfer state of the calcium
metal ion to the 8Hq molecule. These ascriptions are
consistent with the Znq2 absorption reported in ref [22].
The absorption spectra of Caq2:PMMA thin film gave
some major bands at 320 and 410 nm. Note that the
~240 nm bands is more pronounced in the film compared
to the powder sample, which was in turn prominent in
pure PMMA film and it can therefore be assigned to
PMMA [23]. This splitting and shifting of absorptions
were probably a result of different orientations of the
metal quinolate molecules in Caq2 powder versus Caq2:
PMMA blended thin film is similar to earlier reports [24].

Table 2 Wavenumbers (cm−1) of infrared bands of the products and
their assignments

Assignments Caq2

Ca-O 455

Ring deformation 470, 460, 523, 549, 576

q-molecule stretching,
ring deformation

860, 897, 917, 979, 1033, 1058

C-H wagging 648, 711, 74, 9781, 804

C-O stretching 1095, 1100, 1115

C-H stretching 1209, 1228, 1283

q-molecule 1333, 1385, 1423, 1579, 1603

Phenyl /pyridine 1470, 1498

C0C stretching, bending 1719–2397

O-H vibration, stretching,
bending of H2O

2565–3045

Fig. 6 a Absorption spectrum
and b PL spectrum of the Caq2
powder and thin film of Caq2:
PMMA
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These differences were also clearly observed in the XRD
patterns in Fig. 2. Another possibility in splitting of the
absorption bands might be changes in the band gap be-
tween HOMO and LUMO following the reaction between
the oxygen in the PMMA with the 8Hq molecule. This
behavior was also observed in the photoluminescence
excitation spectra shown in Fig. 6(b).

Photoluminescence Measurement

The photoluminescence (PL) excitation spectra of the
Caq2 powder and Caq2:PMMA thin film in Fig. 6 (b)
compares very well with the data in Fig. 6(a). The PL
emission spectra monitored when the samples were ex-
cited at 340 nm for the powder Caq2 and thin film are
also shown in Fig. 6(b). The spectra show bluish-green
photoluminescence at 480 and 490 nm from the powder
and thin film respectively. These emissions can be
assigned to π–π* transition localized on the quinoline
rings [25]. The PL emission of the Caq2:PMMA (0.1:1)
film was red shifted by 10 nm from the PL emission of
the powder. The red-shift in the PL emission of the film
suggested that there is significant delocalization of π–π*

transition [26] of the excited state along the PMMA
polymer chains. The extended delocalization in the film
may occur due to the PMMA groups, which attached at
the 5-position of the quinolate ligand [27].

XPS Analysis of Caq2 Powder

The high resolution XPS peaks of Ca-2p, O-1 s, C-1 s and
N-1 s were deconvoluted using the MultiPakTM [28] soft-
ware program. Figure 7(a) shows the high resolution XPS
scan of the Ca-2p of the powder sample. The Ca-2p is
deconvoluted into six peaks with binding energy (B.E.)
values at 345.9, 346.8, 348, 349.4, 350.3 and 351.5 eV.
These six peaks can be ascribed to the components of the
split 2p3/2 and 2p1/2 energy states. The peaks at 345.9 (2p3/2)
and 349.4 (2p1/2) eV are probably coming from pure Ca-Ca
bonding [29]. The peak at 346.8 (2p3/2) and 350.3 (2p1/2) eV
corresponds to calcium bonded to oxygen in the O-Ca-O
bonding series [30]. The peak at 348 (2p3/2) and 351.5 (2p1/
2) eV can be assigned to the O-Ca-N chemically bonding
[30]. The deconvoluted oxygen O-1 s XPS high resolution
peak is shown in Fig. 7(b). The O-1 s XPS scan was
deconvoluted into four peaks at 530.6, 531.6, 532.9 and
534.5 eV. The binding energy (B.E.) values of O-1 s at
530.6 eV, 531.6 eV and 532.9 can be respectively be
assigned to Ca-O-C to Ca-O and O0C/O bonding [31].
The B.E. value of O-1 s centered at 534.5 eV corresponds to
the O-C bonding [31]. The B.E. value with small shoulder
centred at 536.5 eVin the complex is probably due to adsorbed
moisture associated with hygroscopic hydroxide species, i.e.
the C/H-OH bonding [32]. These additional species indicate
the presence of small amount of water in the Caq2 matrix
which was also confirmed by FTIR data in Fig. 5. The carbon

Fig. 7 a, b, c, d High
resolution XPS spectra and
deconvolution of the a Ca-2p, b
O-1 s, c C-1 s and d N-1 s sig-
nal for the Caq2 powder
phosphor
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C-1 s scan of the Caq2 powder sample was deconvoluted into
three peaks centered at 283.2, 284.3 and 285.3 as shown in
Fig. 7(c). The binding energy (B.E.) values of C-1 s at 283.2,
284.3 and 285.3 eV can respectively be assigned to Ca-O-C/
Ca-C C-C and C-O/C-N bonding [32]. TheXPS peaks of N-1 s
are shown in Fig. 7(d) and are split into two components with
BE values of 398.6 and 399.5 eV, which which can be assigned
to N-C and N-H bonding [30] respectively. The XPS binding
energy values of deconvoluted Ca-2p, O-1 s, C-1 s and N-1 s
XPS peaks confirming the bonding between Ca-Ca, O-Ca-O,
O-Ca-N, Ca-O-C/Ca-C, C-C/C0C, N-C, N-H and O0C/O
clearly suggests the successful formation of the Caq2 complex.

In summary, XRD confirm the formation of Caq2 pow-
der, while the thin film of Caq2:PMMA contains the major
peaks and re-orientation of molecular structure of Caq2
occurred. The bluish-green emission was observed in the
powder sample, while a 10 nm red-shifted photolumines-
cence in the thin film was observed. The DG-DTA confirms
the thermal stability up to≈380 °C of the powder sample.
The FTIR and XPS analysis confirm the formation of the
Caq2 complex. The broad band excitation in the range of
300–420 nm confirms that the powder and film might be
useful in the OLED applications.

Conclusion

Caq2 (calcium 8-hydrxyqunoline) organic phosphor was syn-
thesized by a low cost and conventional co-precipitation
method. The XRD and FTIR confirmed the formation of the
Caq2 compound and the XPS analysis confirms the chemical
bonding between the elements. The SEM image showed that
chunk of spheroidal particles were an agglomeration of
smaller particles and the AFM images suggest the continuous
distribution of particles in the PMMA matrix. The DG-DTA
analysis of the powder sample suggests that Caq2 is thermally
stable up to 380 °C. The optical properties such as absorption
and PLwere evaluated and compared for the Caq2 powder and
thin film of Caq2:PMMA (0.1:1) Caq2 compound. The bluish-
green PL emission was observed at 480 nm and 490 nm from
the powder and the film respectively. The red shift of 10 nm in
the film compared to powder sample was ascribed to re-
orientation and significant delocalization π–π* transition of
the Caq2 molecular structure when the powder was mixed
with the PMMA solution. The observed optical properties of
the Caq2 powder and thin film suggest that this compound is a
potential candidate for application in organic light emitting
devices such as OLEDs.
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