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Abstract. Algsz is widely used in organic light emitting diodesLEDs) as emission and
electron transport layer. During the fabricationGifEDs the current trend is to use solution-
processing; however, Algmust be vacuum deposited. One possible way tocowes this
problem is to use different polymers containing #igs. In this study blended thin films of
Algs embedded in a PMMA matrix at different molar camtcation ranging from 0.5% to 5%
was investigated. The photoluminescence (PL) cheniatics of the blended films of
Algz:PMMA was obtained. This was done by exposure ef films to 355 nm UV light.
Emission peaks were obtained at ~ 515 nm for thp:RMMA films, corresponding to the
peak observed for Algin the solid state. Scanning electron microscopgl atomic force
microscopy were done on the samples to investitdgesurface morphology and structure of
the samples.

1. Introduction

Since its first report in 1987 by Tang and Van 8ljk] Algs is used as the emission and electron
transporting layer in organic light emitting diod@&LEDs). The current trend during the fabrication
of OLEDs is to use solution-processing. Howevethwhis technique Algmust be vacuum deposited
[2]. A possible solution to this problem is to dog#ferent polymers with Alg These polymers
should contain the optical properties of Alghile the processability of a polymer is maintain€his
will allow for low cost manufacturing techniqueschuas ink-jet printing and solution processing. [3]
In this study polymethyl methacrylate (PMMA) is dapwith different mole % of Algranging from
0.5 - 5 %. The effect of the different concentrasi@f Alg; on the photoluminescence (PL) intensity
and emission wavelength is investigated. The mdggyoand structure of the blended films are
studied to see what will be the effect of surfaméghness on the PL intensity

2. Experimental

2.1 Synthesis

Algs phosphor powder was synthesized using the cogitetton method [4]. 0.625g of 8-
hydroxyquinoline (8-Hq) was added to a mixture & &l H,O and 6.5 ml of glacial acetic acid. It
was stirred for 15 minutes. 0.5 g Al(W@was added to 20 ml @ and was stirred for 15 minutes.
The AI(NGs); solution was added drop wise to the 8-Hq solutigth vigorous stirring. The resulting
brown mixture was stirred for 15 minutes. 5 ml dijOH was added drop wise to the mixture while
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stirring. A yellow green precipitate formed. Theegpitate was filtered and washed 8 times with
distilled water. The precipitate was left to dryeavight at 80°C. After drying the precipitate was
grinded to get a fine powder. The powder was digbin 10 ml acetone and left to recrystalize in
atmosphere at room temperature.

A blended thin film of Alg:PMMA at a concentration ratio of 1% was obtainedhie following
way: 2g of PMMA was dissolved in 25ml of chlorofarsy solution of 0.026 g Alg3 in 15 ml of
chloroform was added to the PMMA solution. The blevas stirred and poured into a stainless steel
dish were it was left to dry in atmosphere for 24fs. The films were then cut into 1x1 cm pieces fo
further characterization. The blended thin filmsAd§3:PMMA at concentration ratios of 0.5% - 5%
can be obtained in a similar way.

2.2 Characterization

The structure and morphology of the samples weterahined by scanning electron spectroscopy
(SEM) using a Shimadzu SSX550 at the Centre foras@mpy (CCEM) at the University of the Free
State and atomic force microscopy (AFM) by using Bhimadzu SPM — 9600 system. The PL
emission data was collected with a Cary Eclipserfiacence spectrophotometer equipped with a
Xenon flash lamp.

3. Results and discussion

Figure 1 shows the SEM images of the 1%;/yIMA film at x1000 and x5400 magnification. Small
holes can be seen scattered all over the film. 8§ hetes are formed when gasses escaped during the
evaporation of chloroform (the solvent). At higlmeagnifications it can be seen that the holes ate no
all the same size. Bigger holes had formed earlthen solidification process due to rapid rate of
evaporation of the solvent. The smaller holes fatraknost at the end when the amount of solvent
was less and the rate of evaporation slowed dowsmaAother surface can be obtained if the rate of
evaporation of the solvent can be slowed down. This be acieved by keeping the samples in a
cooler environment during the drying process. Srmohlinks with no holes can be seen at x1000
magnification. This is peaces of PMMA that did rmimpletely dissolved during the chemical
reaction. By increasing the time allowed for theN®?Mto dissolved in chloroform these chunks might
dissapear.

Figure 1: SEM images of 1% AJPMMA at x1000 and x5400 magnifications. Holes thatl formed
during the evaporation of the solvent can cleadyséen.



3.000.00 HE 3.000.00 HE

300x300[um] Z 0.00 - 112215 [nm] 300x300[um] Z 000 - 1808 93 [nm]

Figure 2: AFM images of two different spas the 1% AlgPMMA film.

Figure 2 shows the AFM images of two different spoh the 1% AlgPMMA film. From the
images it can be seen that the surface of the fdnmot very smooth. Outcrops can be seen ranging
between 1-2 um in height. No distinct particles t&nseen confirming that the Algpowder have
completely mixed with the PMMA
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Figure 3: Photonluminescent spectra of differemicemtrations of Alg
in a PMMA matrix, just after synthesis.

Figure 3 shows the PL spectra of different conegiains of Alg in a PMMA matrix just after
synthesis of the films. The films were excited 85 3im. All the peaks show a broad spectrum with a
maximum in intensity at around 515 nm (figure 4(a})is corresponds to the emission of Alilg the
solid state [5], demonstrating that the opticalpemties of Alg are preserved within the PMMA
matrix.



520 800
516+ D 700+
—_ 1 o
E | £
(=
= 2 600
5 | &
g >
3 508i g 500+
= IS
504+ 400+ .
50+————F———— 1 1 1 W+——7 7 7 T
0 1 2 3 4 5 0 1 2 3 4 5
Concentration Alg3 (%) Concentration Alg3 (%)

Figure 4: (a) A plot of the emission wavelengthnaximum intensity as function of the Alq
concentration. The triangle represents the emissigkigs in the solid state. (b) Plot of PL maximum
intensity as a function of concentration of Alq

The peak of the 0.5% sample has a blue shift om8 Previous reports by Colle et. al. [6] and
Levichkova et.al. [7] contribute the blue shift édher the formation of th&-phase of Alg or the
transformation of the meridional form of Alép the facial form. For th&phase to form a processing
temperature of 410°C is requird@]. In this study all synthesis were performedaim temperature
and the XRD analysis done on Aliq the solid state shows that it is in daphase (JCPDS 26-1550).
For Algs to transform from the meridional form to the fdd@m, local heating of the Algmolecules
are needed during film growth [4]. As already mené&d no heating was applied during the processing
of the Alg:PMMA films. The observed blue shift in the emissigpectrum of the 0.5% sample may
however be attributed to cross relaxation. Blassponted that the luminescence of *Ths
concentration dependant [9]. At low concentratitiesemission is due to tAB,-'Fs transition of T8
and is blue, but at higher concentration of Tthis emission is quenched due to cross relaxatich
the °D,-'F5 transition becomes dominant and this gives riseggreen emission. A similar cross
relaxation might be responsible for the concerdgratiependence of the Algmission. Alg is known
to be a singlet emitter [10]. The emission of sdidte Alg is due to the relaxation of an excited
electron from the S5, level. A lot of § levels exist above the; $evel. At low concentrations the
emission is most probable due to relaxation from$hS, level causing a blue shift in the emission.
At higher concentrations this emission is quenctied to cross relaxation and the S transition
becomes dominant. Figure 4(b) shows that the sampped with 1% of Alg3 has the highest
intensity. The intensity then decreases with arrefm®e in concentration. This same decrease in
intensity was reported by Meyers and Weck [2].

As can be seen from the SEM images that the sudhtiee samples on a macro scale is full of
holes and therefore fairly rough. The AFM imagesoahow on a micro scale that the surface is rough
with a “hills and valleys” structure. Coetsee dt.raported that the luminescence from a thin film
normally results in a lower intensity due to théeinal reflection of the light exciting the layek.
rougher surface would therefore result in a béiggrt output [11]. This might be one of the reasons
that a high luminescence intensity is observedéonples doped with low concentrations of Alq

4. Conclusion
Blended thin films of AlgPMMA were successfully synthesized. The morpholagy structure
measurements of the films showed that the surfackalot of holes, where the trapped gas had



escaped. The AFM images showed that the surfatteedfims was not smooth, but rather rough with
a lot of “hills and valleys”. This rough surfacentobuted to the high luminescence intensity thasw
observed due to less internal reflection that cecwithin the film. A broad emission band was
observed, with its maximum at 515 nm when excitéth 855 nm photons. This corresponded to
observed emissions of Aldn the solid state. A blue shift in the emissioaswbserved for the 0.5%
sample. This blue shift might be due to cross miar. The 1% sample showed the highest intensity
and the intensity then decreased with an increadeping concentration.
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