
Multicolor photon emission from organic thin films on different
substrates

I. Karbovnyk a, *, I. Olenych a, A. Kukhta b, c, A. Lugovskii d, G. Sasnouski d, Yu. Olenych a,
A. Luchechko a, A.I. Popov e, L. Yarytska f

a Ivan Franko National University of Lviv, 1 Universytetska str., Lviv, Ukraine
b Institute for Nuclear Problems, Belarusian State University, 11 Babruiskaya Str., Minsk, Belarus
c Tomsk State University, 1 Novosobornaya Str., 634050, Tomsk, Russia
d Institute for Applied Physical Problems, Belarusian State University, 7 Kurchatova Str., Minsk, Belarus
e Institute of Solid State Physics, University of Latvia, Kengaraga 8, Riga, LV, 1063, Latvia
f Lviv State University of Live Safety, 35 Kleparivska Street, 79000, Lviv, Ukraine

h i g h l i g h t s

� Novel organic thin films on specific substrates show multicolor photon emission.
� Using porous silicon as a substrate allows to observe blue, green and red emission simultaneously.
� Contribution of color components can be tuned by adjusting the excitation wavelength.
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a b s t r a c t

Thin films of 1-pentyl-2/,3/-difluoro-3///-methyl-4////-octyl-p-quinquephenyl and 9,10-Bis (4-
pentylphenylethynyl)antracene organic molecules were grown on optical glass, silicon and porous sili-
con substrates. First optical and luminescent properties of such hybrid composites are thoroughly
studied using spectroscopic techniques. The strong decrease of aggregation in thin films of 1-pentyl-
2/,3/-difluoro-3///-methyl-4////-octyl-p-quinquephenyl on porous silicon was observed. The possibility of
simultaneous red, green and blue tunable photon emission from organic film/porous silicon hybrid
structure is demonstrated.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Composite materials comprising organic and inorganic compo-
nents are widely used in various electronic and optical systems
(Kukhta et al., 2015). Combining the specific properties of the
composite components one can enhance the desired characteristics
of the material or design the structure in which a new effect occurs
(Aksimentyeva et al., 2014, 2013). There are two types of such
materials (i) interpenetrated and (ii) layered.

Luminescent organic thin films deposited on inorganic substrate
can serve as an example of composite materials of the second type.

These materials have a great potential for their application usage in
lightweight illumination devices or in the design of small-sized
RGB emitting elements in electroluminescent displays (Sebastian
et al., 2013). They are formed when a layer of optically active
organic molecules is deposited onto dielectric or semiconducting
substrate. An essential effect of substrate properties onmorphology
as well as on optical and luminescent properties of organic films
was already noticed (Kukhta et al., 2009). Among different nano-
structured semiconductors that can be considered as prospective
substrate material, porous silicon (PS) is of particular interest.
Visible luminescence from PS at room temperature confirmed by
Canham (Canham, 1990) extends the application of PS in opto-
electronics. Depending on molecular structure, an energy or charge
transfer can be observed between organic and inorganic layers. The
passivation of porous silicon surface with an organic layer allows
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not only to tailor optical and luminescent properties of such hybrid
structure but also to decrease the degradation processes intensity
and to protect the porous layer from ambient conditions influence
(Nguyen et al., 2000; Olenych et al., 2012; Olenych, 2011). In
particular, in (Nguyen et al., 2000) the authors combine the prop-
erties of polymer and porous silicon to expand the emission range
and report 522 nm 564 nm and 620 nm bands. In (Olenych et al.,
2012) it is demonstrated that the transmission of the passivation
layer can be tuned and in (Olenych, 2011) the effect of passivation
on the stability of porous Si luminescence is discussed. In the
present work, an attempt to benefit from all these effect is dis-
cussed. The results of spectroscopic investigation of luminescent
layered organic-inorganic composite thin films are reported with
an emphasis on multicolor emission from PS/organic layer hybrid
structures.

2. Experimental

For the purpose of experiment 1-pentyl-2/,3/-difluoro-3///-
methyl-4////-octyl-p-quinquephenyl (M1) and 9,10-Bis (4-
pentylphenylethynyl)antracene (M2) organic molecules were
thermally deposited in 10�4 Torr vacuum using VUP-5M machine
(Ukraine). This deposition technique and instrumentation was
earlier used to fabricate nanostructured metallic films with random
structure (Bolesta et al., 2014; Karbovnyk et al., 2015). Both mole-
cules are highly luminescent liquid crystalline compounds
(Gimenez et al., 2004) capable to be deposited by thermal evapo-
ration from solid and by spin coating from solutions. The thermal
stability under evaporation is high (Kukhta et al., 2007). М1 has
been obtained as described in (Sasnouski et al., 2012);М2 has been
synthesized under conditions of Suzuki reaction. Both molecules
were synthesized at the Institute of Applied Physical Problems.
Chemical structure of M1 and M2 is shown in Fig. 1.

Optical glass, polished silicon and PS covered plates were used
as substrate materials for film deposition. Each of the above
mentioned organic analytes was deposited on every of the three
substrates separately. In addition, simultaneous deposition of M1
and M2 on the selected substrates was performed (50% of M1 and
50% of M2 was weighted and used for depositing). It has to be
noted, that the deposition rate of M1 and M2 during simultaneous
deposition is different, so the resulting film may contain unequal
amount of M1 and M2. The average rate of deposition was about
10 nm per second. Average thickness of deposited films was
interferometrically measured to be about 100 nm. Before deposi-
tion the substrates were carefully cleaned with ethanol.

PS layers on the single crystalline plate were fabricated by
electrochemical etching of n-type 400 micrometer thick silicon
plate with volume resistivity of 4.5 Ohm$cm in HF acid based
electrolyte (volume ratio HF: C2H5OH ¼ 1: 1). Anode current den-
sity was kept constant at 40 mA/cm2 for the entire duration of
anode etching (15 min). In order to ensure the presence of positive
carriers in the near-surface n-Si layer (these carriers are necessary

for anode reactions to occur and PS to be formed) the working
surface was illuminated by 500 W incandescent light bulb in the
process of etching. Under such conditions macro porous silicon
layers are formed with average pore diameter within the range of
100e1000 nm. These layers exhibit intensive photoluminescence in
visible range (Cullis et al., 1997; Bisi et al., 2000). PS allows efficient
penetration of organic molecules into the pores and, consequently,
enables the passivation of silicon nanocrystals surface.

Molecular structure of PS and PS/organic layer hybrid structures
was investigated using Fourier transform infrared (FTIR) spectros-
copy. FTIR spectra were recorded with AVATAR instrument from
Thermo Scientific in the range of 400 … 4000 cm�1. Infrared ab-
sorption bands were identified according to literature data
(Borghesi et al., 1993; Fukuda et al., 1997; Niwano, 1999; Silverstein
et al., 1991).

Luminescent properties were studied using СМ2203 spectro-
fluorometer (Solar, Belarus). Optical absorption spectra of the films
on glass substrate were measured in 250e1000 nm range. Optical
absorption spectra of the solutions were in the same range using
quartz cuvettes. Luminescence excitation spectrawere measured in
250e350 nm range for 460 nm, 520 nm and 620 nm emission
bands. Photoluminescence spectra were registered in 350e800 nm
range using UV light excitation (l ¼ 330 nm) at ambient
temperature.

3. Results and discussion

Absorption spectra of M1 and M2 organic films on optical glass
differ in the visible range (Fig. 2, left). While M1 film is essentially
transparent in the visible, M2 film exhibits sharp absorption band
peaked at 506 nm and slightly less intensive but wider bands at
462 nm and 430 nm. In addition, in case of M2 there are two sharp
absorption peaks on the background of the optical glass absorption
edge (below 350 nm). As expected, (M1þM2) film shows similar to
M2 absorption profile with depressed bands at approximately same
positions. For comparison, right-hand side of Fig. 2 illustrates the
absorption spectra of diluted (less than 10�6 M/l) chloroform
(CHCl3) solutions. Comparing thin film and solution spectra we can
notice an essential bathochromic spectral shift which is typical for
transitions from liquid to solid phase.

Luminescence from M1 and M2 chloroform solutions and
organic films deposited on different substrates is presented in
Fig. 3.

The intensity of luminescence is different for each used sub-
strate. The strongest emission is observed for molecules deposited
on optical glass. Luminescence of M1 solution shows typical
structureless blue emission band of p-p transition at about 380 nm,
while M1 films on glass and Si have two bands at about 385 nm and
more intense band centered around 460 nm. This 460 nm band
originates probably from molecular aggregation. The intensity of
both bands decreases significantly when one replaces glass sub-
strate with silicon. When porous silicon is used, the blue emission
at 460 nm disappears completely and only red PS-related band
appears at nearly 620 nm. The reason of the 460 nm band absence
can be worth conditions for molecular aggregation or different way
of molecule packing inside the pores.

The spectral behavior of M2 molecule luminescence is similar.
Both in solution and thin films M2 shows p-p transition spectra
with vibrational structure at 520 nm (film) 0-0 vibrational
maximum. Also, we observed an additional less intensive wide
band at about 600 nm, which can be attributed to aggregation. It
can be noted that the observed aggregation is not as strong as
compared with M1. The third wide band up to 750 nm and beyond
originates from PS luminescence.

No systematic luminescence intensity decay was observed in

M1

M2

Fig. 1. Chemical structure of 1-pentyl-2/,3/-difluoro-3///-methyl-4////-octyl-p-quinque-
phenyl (M1) and 9,10-Bis (4-pentylphenylethynyl)antracene (M2).

I. Karbovnyk et al. / Radiation Measurements 90 (2016) 38e42 39



Download English Version:

https://daneshyari.com/en/article/1888006

Download Persian Version:

https://daneshyari.com/article/1888006

Daneshyari.com

https://daneshyari.com/en/article/1888006
https://daneshyari.com/article/1888006
https://daneshyari.com

