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Abstract. Several Mg-Coumarinolates and Al-Coumarinolates doped with different concentrations
of Quinoline were synthesized by simple chemical synthesis method and their PL spectra were
studied. Usually, pure coumarin along with the chelates show weak luminescence and the emission
is witnessed around 450 nm with excitation around 350 nm. Hence, such chelates do not find any
practical applications. Addition of quinoline in lesser amount affects the emission and excitation of
Mg-Coumarin and Al-Coumarin considerably. Intense photoluminescence is observed in these Mg
based mixed chelates. In all samples, a well-defined emission band at 490 nm is observed with broad
excitation in 350 nm to 470 nm range. Hence good overlap of excitation with 420 nm and 440 nm LED
emission makes these materials suitable for white LED applications.
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1. Introduction
Coumarin chelates have been an object of investigations in recent past. Metal complexes are
being used as diagnostic agents and have opened relatively new area of medicinal research and
have flourished rapidly from last 4-5 decades. The complexes of metallic salts are more effective
than the parent drug.

Several new ionophores derived from crown ethers and iminodiacetic subunits attached to
3-aroylcoumarins have been synthesized and fully characterized. The alkaline-earth complexes
of these new ligands were studied from their UV–visible and fluorescence data. Some systems
displayed strong bathochromic shifts upon complexation with Mg2+ that may make them useful
signaling devices [2].

The synthesis and photophysical properties of luminescent lanthanide complexes based on a
coumarin derivative for advanced photonic applications such as planar waveguide amplifiers
and light-emitting diodes was reported [7].

These chelates also have been prepared and reported for their physiological, photodynamic,
anticoagulant and anticancer activity [4, 14]. Mostly the complexes with lanthanides like
La, Pr, Sm, Eu, Gd, Tb, Dy, Y1, Ce4 and Nd have been studied and showed interesting
properties [9, 15]. It was found that the anticoagulant and antifungal activity get enhanced
on complexation, particularly with lanthanides [3]. Normally most of the coumarins gives
fluorescence and some of them give a low analytical signal [8] and therefore it enhances
detection limit using fluorescence. The sensitivity of the fluorimetric determination can be
enhanced by the formation of complexes, i.e. using so called sensitized fluorescence. Lanthanide
chelates are not the only studied chelates. Several chelates with ions like Co, Cu, Ni, Mn,
and Fe were synthesized and evaluated for their efficacy as antibacterial agents. It has been
found that some of the coumarins show distinct physiological photodynamic and bacterio-static
activities [5]. The complexes of metallic salts are more potent and less toxic in many cases as
compared to the parent drug [13]. These metal complexes are found to be interesting due to
their biological applications like antifungal, [12] antibacterial [1] and anti tumor [6] activity.
Some chalcones derived from coumarin derivatives, possess significant antimicrobial activity
[11]. Some 3-acetyl/acetoacetoacetyl-4-hydroxy benzopyran-2-ones have been reported as an
anti-HIV agent [10].

The monovalent Silver Ag(I) forms good complexes with nitrogen, sculpture and halogen
donor ligands. It forms complexes via oxygen in carboxylate ligands. The common coord modes
are Linear, Trigonal Planar, Tetrahedral and Octahedral. Unidentate mode is also possible e.g.
Silver (I) carboxylates. The divalent Copper (II), Zinc (II) carboxylates form mostly bridged
dimers however mononuclear complexes are also reported. Copper Cu (II) Zinc (II) Common
coord modes are Tetrahedral, Square Planar, Trigonal, Bipyramidal and Octahedral.

The survey shows, though several coumarin chelates were prepared but its luminescence
was not studied. Usually, pure coumarin along with the chelates show weak luminescence and
the emission is witnessed around 450 nm with excitation around 350 nm. Hence, such chelates
do not find any practical applications. If some other molecule such as quinoline is doped in these
chelates then it may enhance the luminescence substantially and will be useful for practical
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applications. With this idea, Magnesium and Aluminium based coumarinolates doped with
quinoline were made and the photoluminescence was studied.

2. Experimental
All the coumarinolate based chelates were prepared by dissolving the corresponding metal
salt mostly nitrates in desired amount of double distilled water. The desired amount of pure
Coumarine procurred from Loba Chemie India is dissolved in Methanol separately. Both the
solutions are mixed and then desired amount of 0.1 molar solution of NaOH is added. The
solution of NaOH is needed to maintain basicity in the solution (i.e. pH> 7). As soon as NaOH
solution was added precipitate appears in the solution which was then filtered using Whatmann
42 filter paper. This filtrate was washed several times using alcohol and then dried under
the drying lamp. The precipitate was then sealed in the bottle for various measurements.
Photoluminescence measurements were made on Hitachi 7000 spectrophotometer. LED spectra
of the prepared samples were also taken.

PL spectra of Mg Coumarinolates doped with Quinoline

Figure 1. Excitation: (a) Coumarin; Emission: (b) Coumarin

Figure 1 shows PL spectra for the pure coumarin. The emission is observed around 400 nm
(Figure 1b). The excitation to this emission is broad and peaks around 350 nm (Figure 1a). The
emission intensity is very weak.

Figure 2 shows the photoluminescence spectra of Magnesium Coumarinolates doped with
various amount of Quinoline. Intense photoluminescence is observed for these Mg based mixed
chelates. In all samples a well-defined emission band at 490 nm is observed. The intensity of the
emission is found to depend on the amount of quinoline doped. For 1% doping the emission is
observed around 490 nm (Figure 2d). The emission is shifted by 10 nm compared to the MgCoum
(Figure 2b). Thus when quinoline is added, a shift of 10 nm is observed in the emission spectrum.
No change in emission intensity is observed. When the amount of quinoline is increased to
5%, the emission intensity increases by 12 times as compared to 1% doped sample (Figure 2f).
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When the amount is further increased, the emission intensity decreases (Figure 2h,i) and hence
5% quinoline is the optimum concentration for this mixed chelate. The quinoline doped Mg
coumarin chelate excitation is broad compared to the pure Mg coumorin. The excitation in all
cases is flat from 350 nm - 420 nm and then intensity falls slowly up to 470 nm (Figure 2a,c,e,g,i).
If the excitation is closely observed then there is good overlap of excitation with the emission of
the 420 nm and 440 nm LED emission. Thus, these phosphors could be excited by near UV LED
emitting around 400 nm and the near blue LED having emission at 440 nm. Thus Mg coumarin
doped with quinoline will find applications as a white phosphor in PCLED applications.

Figure 2. (A) Excitation: (a) MgCoum, (c) MgCoum99Q1, (e) MgCoum95Q5, (g) MgCoum80Q20,
(i) MgCoum70Q30, (k) MgCoum60Q40, Emission: (b) MgCoum, (d) MgCoum99Q1, (f) MgCoum95Q5,
(h) MgCoum80Q20, (j) MgCoum70Q30, (l) MgCoum60Q40; (B) Excitation: (a) MgCoum95Q5, Emission: (b)
MgCoum95Q5

Figure 2B shows the LED spectra of MgCoum95Q5 with near UV LED emitting at 400 nm
and GaN blue emitting LED. For 400 LED intense broad emission is observed around 525 nm
(Figure 2B.a). The emission is broad and spans the entire blue - yellow region from 450 nm -
600 nm. Thus the emission is near to white light emission with greener component compared
to blue and red. The less intense emission peak at 400 nm is due to unconverted 400 nm light
by phosphor. The emission of the phosphor with 450 nm LED is shown in Figure 2B.b. Intense
emission is observed around 475 nm with the tail extending in green-yellow region of the

Journal of Atomic, Molecular, Condensed Matter & Nano Physics, Vol. 9, No. 1, pp. 67–74, 2022



Photoluminescence Properties of (Mg2+) Divalent and (Al3+) Trivalent Metal. . . : S.M. Sawde et al. 71

spectrum. The shoulder around 450 nm is the blue unconverted light from the LED. Thus in the
emission all the three components of light are present and hence the emission is very near to
true white emission. From the above observations, it can be concluded that MgCoum95Q5 finds
application as a white phosphor in PCLED applications.

Photoluminescence of Al Coumarin based Chelates

Figure 3. Excitation: (a) Pure Coumarin, (c) AlCoum; Emission: (b) Pure Coumarin, (d) AlCoum

Figure 3 shows the photoluminescence spectra of the purchased Coumarin. The emission is
observed around 400 nm (Figure 3b) with a broad excitation around 350 nm (Figure 3a). The
photoluminescence spectra from Al-Coumarinolate is entirely different compared to the pure
coumarin. The emission is observed at 500 nm instead of 400 nm (Figure 3d). The excitation
is also very broad and centered around 400 nm (Figure 3c). The emission intensity is also 2.7
times more compared to pure coumarin. Thus, luminescence from Al-Coumarinolate not only
changes position but a change in emission intensity is also observed.

PL Spectra of Some Al-Coumarinolates Doped with Quinoline
Figure 4A shows the photoluminescence spectra of Al-Coumarinolates doped with various
amount of quinoline. When 1% quinoline is added in coumarin moiety, the emission is observed
around 490 nm (Figure 4A) with excitation at 380 nm (Figure 4c). Significant rise in emission
intensity is observed compared to the pure coumarin. The observed emission is 5 times more
than the pure Al coumarin. When the amount of quinoline is increased to 5% the emission
intensity further increases and the emission is observed around 505 nm (Figure 4A.f). The
excitation also get broadened with peak appearing around 400 nm with tail extending upto
450 nm (Figure 4e). For 20% doping, the emission is observed at the same position however the
emission intensity is 1.5 times compared to that for 5% doped quinoline (Figure 4A.h).

The observed excitation is also broad with tail extending upto 470 nm (Figure 4A.g). This
excitation has got better overlap with the emission from GaN based blue LED emitting in the
440 - 450 nm wavelength range. For 40% quinoline the emission intensity further increases
(Figure 4A.l) with further broadening of excitation (Figure 4A.k) towards the longer wavelength
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side. This opens the possibility of using these complexes as white phosphors in PCLED
applications with near UV LED or blue LED emitting around 440 nm - 450 nm. (Figure 4A.l)
shows the AlCoum60Q40 phosphor emission excited by near UV LED emitting at 400 nm and
GaN blue emitting LED. When the sample is excited by UV LED at 400 nm broad blue green
emission is observed (Figure 4B.a). Similar emission is observed when excited by blue LED
emitting at 450 nm (Figure 4B.b). Thus, this phosphor may be developed as a white phosphor
for PCLED applications.

Figure 4. (A) Excitation: (a) AlCoum, (c) AlCoum99Q1, (e) AlCoum95Q5, (g) AlCoum80Q20,
(i) AlCoum70Q30, (k) AlCoum60Q40; Emission: (b) AlCoum, (d) AlCoum99Q1, (f) AlCoum95Q5,
(h) AlCoum80Q20, (i) AlCoum70Q30, (l) AlCoum60Q40; (B) Excitation: (a) AlCoum60Q40, Emission:
(b) AlCoum60Q40

3. Conclusions
• Doping quinoline in Mg-Coumarinolate not only affects the position of emission and

excitation in PL spectra but also the intensity. Broad emission is observed around 490 nm
with a broad excitation peaking at 400 - 420 nm with tail extending beyond 450 nm. Of
the several samples, sample doped with 5% quinoline shows the most intense emission.
Intense emission along with good overlap of excitation with the near UV to blue emission
of GaN based LED; this phosphor will find application as white phosphor in PCLED
applications.
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• The Al-Coumarinolate shows intense luminescence compared to pure coumarin. The
emission and excitation were found to be red shifted compared to pure coumarin and is
observed at 500 nm and 400 nm, respectively. This is similar to what is observed for Mg
coumarin which suggests that valency of the metal ions is not playing any role in emission
and excitation.

• Adding quinoline in small amount affects the emission and excitation of Al-Coumarin
significantly. In most of these coumarinolates the emission is observed in blue green region
with the excitation shifted in blue region. Of the several samples, sample doped with 40%
quinoline shows the most intense emission. Intense emission along with good overlap of
excitation with the near UV to blue emission of GaN based LED; this phosphor will find
application as white phosphor in PCLED applications.
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