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Pure and Mn2+ transition metal doped Alq3 Complexes were synthesized by simple precipitation method at room temperature, maintaining 
stochiometric ratio. These complexes were characterized by XRD, and photoluminescence (PL) spectra. XRD analysis exhibits the poly 
crystalline nature of the synthesized complexes. The excitation spectra are in the range of 416 nm to 438 nm. Prepared phosphors can be 
a suitable candidate for green and blue emitting OLED, PLLCD and solid state lighting applications.

Introduction 
Now a day, organic light emitting materials are attracted attention 
owing to their applications in OLEDs[1] for industry and academic 
research. It stimulates interest in next-generation displays and lighting 
technologies[2]. The efficient and stable tri (8-hydroxyquinoline) 
aluminum (Alq3) is extensively studied for its high stability, good 
emission, easy synthesis, electron transport properties and high 
quantum efficiency. Alq3 is attributed as electron transporting layer, 
as emission layer where green light emission is generated by electron 
hole recombination in Alq3. It also acts as host material for various 
dyes to tune emission color from red to green[3]. Although Alq3 has 
low fluorescence efficiency, it has excellent properties as emitting 
material, namely high stable film forming, high carrier transport and 
good heat resistance. Tang and coworkers fabricated Alq3 based 
multi-layer thin film electro-luminescent devices in 1987[4, 5]. Alq3 still 
continues to be the workhorse among the class of low molecular 
weight materials for OLED. 
In recent years, solution-processed organic light emitting-diode devices 
(OLEDs) play important role as potential candidate for flat-panel 
displays and solid state lighting due to their simple processing route 
and low manufacturing cost[6]. Research in novel organic materials 
for use in OLED has mostly focused on conjugated or low molecular 
weight materials and constitute a rapidly developing field for the 
future of flat panel display technology[7, 8]. The mechanism of energy 
transfer leading to electroluminescence (EL) of a lanthanide complex, 
EuxY(1-x)(TTA)3Phen(TTA=thenoyltrifluoro-acetone,Phen=1,10-
phenanthroline), doped into TPBi(1,3,5-tris(N-Phenyl-benzimidizol-2-
yl) benzene host at 15 wt% of host was  investigated.[9] However, so far 
comparatively few investigations have been devoted to the electronic 
and optical properties of material, in particular in the crystalline state. 
Recently, a systematic study of the optical properties of solution, 
amorphous films, and different polymorphic crystalline phases of 
Alq3 was published. These results give better knowledge of the 
relationships between crystalline structures and light emission, which 
is crucial to control the spectral yield of electro-luminescent devices 
and on this regard isomeric states of Alq3 may play an important role. 
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These great progresses attracted extensive studies to OLEDs and 
contributed greatly to their rapid development. Owing to their thin-
film, light-weight, fast-response, wide-viewing-angle, high-contrast, 
full color and low-power attributes[10], OLEDs showed their unlimited 
potential to be mainstream of flat-panel-display technologies and they 
will be able to compete with the now-dominant liquid-crystal displays 
(LCDs) in the future display market. One of the advantages of OLEDs, 
compared with other display technologies, is the possibility of making 
flexible displays[11]. At present, many investigations have been done 
in order to prepare new compounds with improved performances 
and stability and/or emitting in a particular spectral range. Exploring 
these aspects, several complexes of metals such as Be, Zn and Cd 
with substituted 8-hydroxyquinoline ligands have been reported[12]. To 
some extent, the properties of organic materials have directly effected 
on the performance of OLED and these properties mainly depend 
on molecular structure. Zinc complexes have good color tunability 
properties, high electroluminescence quantum efficiency and good 
thermal stability[13]. The transition metal element Mn2+ play vital role 
in the enhancement of PL intensity with small change in PL emission 
wavelength. Hence it is proposed to synthesize and characterize 
manganese doped Alq3, which is generally used as electron transport 
or emission layer manganese doped Alq3. The main focus of OLED 
investigation has been to address this issue to conjugate organic 
polymer as aluminum tri hydroxyquinoline (Alq3)[14- 17].

Experimental
Tris(8-hydroxyquinolinato)aluminum is the chemical compound with 
the formula Al(C9H6NO)3, widely abbreviated Alq3. It is a coordination 
complex wherein aluminum is bonded in a bidendate manner to the 
conjugate base of three 8-hydroxyquinoline ligands as a shown in 
Fig. 2.

Synthesis of Alq3 and Mn2+ doped Alq3
5 gm. of HQ (8-hydroxy quinoline) was dissolved in 25 ml of distilled 
water and 25 ml acetic acid. The solution was heated to 500C for 30 min 
and filtered to remove insoluble impurities. For pure Alq3, 4.3069 gm of 
3Al(NO3)3 9H2O was dissolved in 100 ml of distilled water. This solution 
was also heated to 500C for 30 min. Later the hydroxy-quinoline 
solution was slowly added to the above solution. Yellow precipitate 
was obtained. To this NH4OH4 was added to get the maximum yield. 
The yellow precipitate was then filtered and washed with warm water 
until the filtered water became colorless. Finally, it was dried at 600C 
for 2 hr in order to remove water molecules. The other derivative of 
8-hydroxyquinoline metal complexes Alq3 were synthesized by the 
same procedure, just by replacing Aluminum nitrate by of manganese 
acetate mixed in an appropriate molar ratio. 
In the synthesis process, when manganese metal is added, it 
contributes an electron, withdrawing constituent at the 5-position 
in 8-hydroxyquinoline, thereby increasing the solubility of the 
corresponding metal quinolate complexes in non-polar solvents.

Fig.1: (a) Alq3   (b) Mn2+ doped Alq3

Table 1: Physical and chemical properties of Alq3 and Mn2+ doped Alq3
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Results and Discussion 
The synthesized complexes have been characterized by XRD on The 
‘Expert pro’ Automated power Diffractometer system company 
name “Analytical”, Netherland taken at ‘SAIF’ Punjab University, 
Chandigarh. Photoluminescence (PL) emission spectra of the samples 
were recorded by using the RF-5301PC SHIMADZU Spectrofluorometer 
(RF-5301 PC).

X-ray Diffraction
X- Ray Diffractogram of Mn2+ doped Alq3 exhibits well defined X-ray 
diffraction lines for the powder sample that confirm its crystalline 
nature. The presence of distinct lines confirmed the polycrystalline 
nature of the synthesized complex as shown in Fig. 2. 

Fig. 2: X-ray diffractogram on Mn2+ doped Alq3

Excitation and emission photoluminescence spectra of Alq3 and 
Mn2+ doped Alq3
Fig 3 exhibits the (i) excitation and (ii) emission spectra of Alq3 powder 
by excitation wavelength is 384 and 455 nm. The prominent PL 
emission peak is observed at 531 nm in green region of the spectrum 

well matched with the green emission of yellowish green powder 
earlier reported  attributed to α-phase of meridianal isomer of Alq3[18]. 
The PL excitation spectrum at455nm of prepared Alq3 powder reveals 
that prepared phosphors is not only suitable for organic light emitting 
diode but also for photoluminescence liquid crystal display (PLLCD) 
and solid state lighting applications. 

Fig 3: (i) Excitation and (ii) Emission spectra of Alq3    

Jablonski diagram illustrating possible electronic processes following 
absorption of a photon for Alq3 as shown in Fig.4(a), Kr and Knr 
indicate the radiative and non-radiative transitions and here only 

singlet to singlet (S1, S0) is radiative and remaining transitions are non-
radiative. This electronic transition is supported by adiabatic potential 
model of dynamical relaxation process for electroluminescence in 
Alq3 reported by Akai et.al shown in Fig. 4(b)[19] S1 S0.
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Fig.4(a): Jablonski diagram for electronic transitions        Fig.4(b): Adiabatic potential model

Fig.5: Photoluminescence Excitation spectra: Mn2+ doped Alq3

Fig.6: Photoluminescence Emission spectra: Mn2+ doped Alq3
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Fig. 5 exhibits PL excitation spectra of phosphor for different 
concentration of Mn2+ with Alq3. Whereas fig.6 exhibits PL emission 
spectra of phosphors for different concentration of Mn2+ doped Alq3. 
The prominent PL emission peak is observed at 498 nm in green region 
of spectrum for 438nm excitation wavelength for 0.5% concentration 
Mn doped in Alq3. 
The prominent PL emission peak is observed at 493 nm in green region 
of spectrum for 438nm excitation wavelength for 1% concentration Mn 
doped in Alq3. 
The prominent PL emission peak is observed at 498 nm in green region 
of spectrum for 432nm excitation wavelength for 2% concentration Mn 
doped in Alq3. 

The prominent PL emission peak is observed at 492 nm in green region 
of spectrum for 416nm excitation wavelength for 5% concentration Mn 
doped in Alq3. 
Different organic phosphors of Alq3 for different concentration of 
Mn2+ have been synthesized. All phosphors prepared through co-
precipitation route at room temperature, are α-phase out of four 
phases. Variations in the substituent on the quinoline rings affect 
its luminescence properties[20]. Mn2+ changes PL emission intensity 
of Alq3 phosphor. Among all prepared phosphors, AlQ3: Mn (O.5%) 
attributes maximum PL intensity as compared to doped Alq3 for other 
concentrations of Mn2+. The excitation spectra are in the range of 
416 nm to 438 nm. AlQ3: Mn (O.5%) phosphor manifests bluish green 
emission with highest intensity. Their values are summarized in table 2.

Table 2: Intensity comparisons: Alq3 doped with Mn with different concentrations

Conclusion
From the charecterisations, it concludes that all the synthesized 
phosphors i.e. Alq3, and Mn2+ doped complexes of different 
combinations of Alq3 prepared by low cost conventional co – 
precipitation method. X- Ray Diffractogram of Mn2+ doped Alq3 
exhibits well defined X-ray diffraction lines for the powder sample 
that confirm its crystalline nature. The presence of distinct lines 
confirmed the polycrystalline nature of the synthesized complex. 
The PL comparison between Alq3 and Mn2+ doped complexes of Alq3 
of different combinations is reported. The phosphors prepared in 
laboratory at room temperature are α-phase, out of four phases. AlQ3: 
Mn (O.5%) exhibits highest intensity in comparison other Mn2+ doped 
Alq3 phosphors. Mn2+ changes PL emission intensity of Alq3 phosphor. 
The excitation spectra are in the range of 416 nm to 438 nm. The 
emission spectra observed in range of 492 to 498 nm for Mn2+ doped 
phosphors attribute bluish green emission. Thus, prepared phosphors 
can be a suitable candidate for green and blue emitting OLED, PLLCD 
and solid state lighting applications. 
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