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Abstract

This work is dedicated to original organic compaosincdontaining
pyranyliden fragment which are forming amorphous fiims from solutions
due to attached trityloxyethyl groups.

The aim of the work is to investigate optical amhectical properties of
these glassy forming organic compounds and to at@lthe possible use of
them in light emitting diodes or organic solid stisers.

In the work insignificant influence of trityloxyegh groups on optical
transitions in the molecules was confirmed. At shene time due to protection
of active chromophore part from intermolecular iatdion by these groups
observation of photoluminescence takes place irpthre films of investigated
compounds.. In case of two donor groups consistinggcules in pure films as
well as in high concentration solutions second lomgvelength band in
photoluminescence spectra was observed. The odfithis band is well
protected exited state from which low probable atide transition takes place.
Amplified spontaneous emission in the pure thim$ilwas observed in the
work. Till now it has not been obtained in thing which consisted only from
pyranyliden fragment containing molecules. Morentlbae order of magnitude
less threshold value of the amplified spontanecuss®on was achieve in
doped polymer films with investigated compound Z4Abis(2-
(trityloxy)ethyl)amino)styryl)-6-methyl-4H-pyran-gidene)malononitrile  in
comparison to doped polymer with well known laseryed 4-
(dicyanomethylene)-2-methyl- 6-(p-dimethylaminogty#H-pyran. It means
that the investigated compound is more perspectisea laser material
compared to previously studied. Electroluminescemsasurements showed
that the pure thin films of investigated compouraie not perspective in
organic light emitting diodes due to low photolusseence quantum yield and
additional charge carrier trap levels.
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Introduction

Motivation of the work

Possible applications of organic compounds in fietfibct transistors,
light emitting diodes, solar cells and lasers hagen intensively investigated.
Currently mobile phone and television sets withplligs made from organic
light emitting diodes, are available commercially—8]. There are first
prototypes of solar cells from organic material [8]. Low cost, plasticity,
high efficiency and variety of synthesised compauade several of organic
matter advantages. In previously mentioned devittes films with the
thickness from several nanometres till micromet@ms typically used. Two
approaches mostly have been employed for preparaficuch thin films: a
thermal evaporation in vacuum and a solution cgstirethods. Both of them
possess some advantages and drawbacks. Specia ehdpyer could be
obtained by the thermal evaporation in vacuum. Alsard dissolving
compounds are easily processable by this methodentteless there are
several drawbacks of thermal evaporation: largesamption of matter,
necessity for high thermal stability of compoundsl &xpensive high vacuum
processing systems. In the solution casting methwch problems does not
exist. It gives possibility to make thin films byngler technology at lower
temperature. Mostly in research laboratories twoitean methods have been
used: spin coating and blade casting. Both metlanessimple and in case of
large scale production could be replaced by roltdlb processing or inkjet
printing. Both methods could be used to prepargepatd thin films. All those
methods request highly soluble organic compoundgtwbreate glassy state
films after deposition and solvent evaporationyRars fulfil these conditions;
however the result of two sequential synthesidhiefdame polymer could yield
different products. Average length of polymer chaimd distribution of the
length could be various as well as undesirable roghpcts. It could change
physical properties and deposition conditions whatk unacceptable for a
large scale fabrication. More perspective is lowgheorganic compounds due
to more repeatable synthesis. Unfortunately mostthfm cannot form
amorphous state films from a solution. In recenargeonly few of such
compounds were synthesised [6-9]. The investigatdnproperties and
assessment for applications of such kind of mdsetas not been studied
widely therefore investigations within this fieldreaimportant for further
progress in development of photonic devices.



The aim of the work

The aim of the work is to investigate optical amectical properties of
original glass forming organic compounds and ta fthe possible use of
compounds in light emitting diodes and organicdsetate lasers.

Following tasks were posed to achieve the aim:

e Investigate dependence of optical properties obimal pyranyliden
fragment containing organic compounds on therecsirg;

e Assessment of these compounds as an laser actide rbg studying
amplified spontaneous emission properties of thepmunds;

e Evaluation of these compounds for employment inanig light emitting
diodes by studying electrical and electrolumineseeproperties of the
compounds.

Author’s contribution

By the author solely:
e was obtained optical images of thin films;
e was measured all absorption and luminescence spettthin films and
part of solutions;
e was measured photoluminescence kinetics of thfitma and solutions;
e was done electroluminescence and spontaneous &dplEmission
measurements;
e built set-up for electroluminescence and amplifgggbntaneous emission
measurements.
The author partially participates in fallowing exipgents by proposing
ideas and preparing samples:
e transient absorption investigation;
e photoluminescence quantum yield measurements;
e charge carrier trap state investigations.
The author gave suggestions about:
e necessary quantum chemical calculations.
Main part of results was defined by the author iscadssion with colleges of
Laboratory of Organic Materials and Lithuanian eghs. The results were
presented in local and international conferencethéyauthor.

Scientific novelty

Insignificant influence of glass forming trityloxtygyl groups on
electron transitions in chromophore are proved ifvestigated molecules.
Effect of molecule electron acceptor and donor gretructure on absorption
and photoluminescence spectra in solution is obthiit is shown that in case
of four trityloxyethyl groups electron donor as e electron acceptor groups
can be protected from environment influence.
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For the first time in solutions and thin films sadophotoluminescence
band of pyranyliden fragment containing moleculathwiwo electron donor
groups was observed. Origin of this additional phohinescence long
wavelength band is explained.

First time amplified spontaneous emission was afeskem pure films of
pyranyliden fragment containing compounds. More nthane order of
magnitude less threshold value of amplified sposdais emission was achieve
in doped polymer films with investigated compouimdgomparison with well-
known and widely used similar compounds.

Electroluminescent systems with pure film prepaf@n solution as
luminescence layer were formed and investigated.



1. Physical background

1.1. Pyranyliden fragment containing molecules

One of well-known and widely applied pyranylideagment containing
organic compound 5 -(dicyanomethylene)-2-methyl- -(p6
dimethylaminostyryl)-4H-pyran ICM) [10-14]. The molecule consists of
electron acceptor and donor group which are coedeloy conjugated bridge.
Malononitril group is electron acceptor and dimddimyline is electron donating

group (see Figure 1.1.).

N2

O

Figure 1.1. DCM molecule. Malononitril group is red, pyranylideagment is yellow
and dimethylaniline is blue

Absorption and photoluminescence maximum wavelength this
compound in dichloromethane is 470 nm and 580 espectively (see Figure
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Figure 1.2.a) Absorption and b) photoluminescence specti@@¥ andd-DCM in
dichloromethane. Graphs from the source [@&&pted to the work.

1.3. a and b)Large photoluminescence quantum yield in a soluisoane of
main reason for intensive investigation of that ecole. It can reach 0.8 in
dimethylsulfoxide [16]. This compound is used asc&bluminescent and laser
material. Only way to obtain thin films from thisné other previous
investigated and in this chapter mentioned compsumthermal evaporation in
vacuum. In pure evaporatddCM thin film photoluminescence can not be
observed [14] due to large intermolecular inte@cttiwhich quench
luminescence [17], [18]. This problem has been cowae by preparing guest-
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host system. Which mean mixing the molecules (g)esith other matter
(host). Tris-(8-hydroxy quinoline) aluminiunflgsz) was used as host in most
of the cases due to the compatibility of the endeygls [19-21] (see Figure
1.3. a).
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Figure 1.3.a) energy transfer fromlq; to DCM molecule [22], b) photoluminescence
spectra of different concentrati@CM molecules irAlg; matrix [14], ¢) amplified
spontaneous emission BICM:Alq ; system [22], d) threshold values of amplified
spontaneous emission DCM:AIqQ ; at varioudDCM molecule concentration [22].

DCM:AIq s thin film has been used as electroluminescena liaylight
emitting diodes. Photoluminescence band moves fjoean spectral region to
red by increasin@CM molecules concentration Alq; matrix (see Figure 1.3.
b). The same relation has been observed in thér@i@minescence spectra. It
allows to obtain pure red colour at higlil8B2M concentration but unfortunately
the intensity of emitted light start to decries @hiimits of preparation of high
efficiency diodes [14].

The sameDCM:AIq ; systems have been used as active medium for
lasers. Authors observed arise of sharp peak omohiminescence band by
increasing pulse energy of the irradiating beare {ggure 1.3. ¢). The smallest
threshold value what they obtain wagBcnf at 2 wt% ofDCM molecules in
Alg; matrix (see Figure 1.3. d) [22].

Lot of works are devoted to improvement DICM molecules by
increasing photoluminescence quantum yield or wnohotoluminescence
spectra in thin film. One of the possibilities iBanging electron donating
groups. Added additional same donor group is onéhefsimplest waysdf
DCM) (see. Figure 1.4.) [23]. The absorption and lasaence spectra of this
compound are shifted to the red region compared@M (see Figure 1.2. a
and b). Second most popular pyranyliden fragmentasoning molecule is 4-
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(dicyanomethylene)-2-methyl-6- [2-(2,3,6,7-tetratord H,5H-
benzolij]Jquinolizin-9-yl)ethe- nyl]-4H-pyranQCM2) (see Figure 1.4.). The
purpose of synthesis oDCM2 molecule was pure red colour (its
photoluminescence maximum wavelength is 650 nm) ahigher
photoluminescence quantum yield compared-foCM [24]. With the similar
aim was changed electron acceptor group. Barb#aick and indandione group
was chosen in some of the cases [25] [26].

"~~~

OH

Figure 1.4.Chemical structures of pyranyliden fragment contajrmolecules [23-26]

Higher photoluminescence and electroluminescen@ntgm vyield as
well as pure red colour was main target for synthes new pyranyliden
fragment containing molecules as it can be seethigmchapter. At the same
time there are no works which would be dedicatedntwdification of such
molecules with aim to obtain glassy structure frawtution. Several advantages
could possess if such compounds could be createsti.df all casting methods
can be applied, which are simpler than thermal exatpn in vacuum. Indirect
advantage of such compounds are increased conttemt&econd: in the case
of preparation of guests — hosts systems the caratiem of chromophore in a
matrix could be increase compared to other in tbieapter discussed
compounds due to less aggregation of molecules.
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2. Experiments
2.1. Sample preparation

2.1.1. Samplesfor optical measurements

Solutions in quivets and thin films were prepareodr foptical
measurements.

Dichloromethane was used for preparation of thatsmis. In one case
dimethylsulfoxide was used. Concentration of commuisuin solvent was 10
mol/l. Prepared solutions was filled in fluoresceptartz quivets with 1 cm
optical path length to perform measurements.

Pure thin films, with thickness from 300 nm to 40, were prepared
from dichloromethane solution on quartz glass bguteal” 650 series spin-
coater. Host-guest systems with the concentratibfis 1, 3, 5, 10 wt% of
investigated molecules in polymer were obtainethensame way.

2.1.2. Samplesfor electrical measurements

Sandwich type samples were structured for elet¢tmo@asurements.
Organic layer between two electrodes was insefass covered with indium
tin oxide (ITO glass) was used as a substrate. sbhaion with investigated
molecules was deposited on the substrate by s@ihingpmethod after which
thin layer of aluminium was deposited by thermahmwation in vacuum
(EDWARD AUTO 360). Final configuration of the samapivas ITO/organic
compound (500 nm)/AI(100 nm)

2.1.3. Samplesfor electroluminescence measurements

ITO glass was used as a substrate for samples. (3Rbly
ethylenedioxythiophene) poly(styrenesulfonate) PEDOT:PSS and
investigated matter was sequentially depositecherstibstrate by spin-coating
method. Thermal evaporation in vacuum was usecepmsit lithium fluoride
(LiIF) and aluminium. Final configuration of the g3l was
ITO/PEDOT:PSS40 nm)/organic compound (x nm)/LiF(1 nm)/Al(100 hm

2.2. Experimental methods

2.2.1. Characterisation of thin film morphology

High resolution microscope “Nikon Eclipse L150” wased to obtain
morphology of the prepared samples. Profilometeccde,Dektak 150" was
used to measure the thickness of the samples.

12



2.2.2. Equipmentsfor measuring of photoluminescence
characteristic

Two type of equipment was used for measurements of
photoluminescence spectra. Ocean Optics HR4000rspeter was used in
first case. Continuum wave diode laser with wavgler4d05 nm was as an
excitation source.

Photoluminescence spectra and quantum yield wasuresdhin second
set of experiments. Experimental set-up consistsnt#grating sphere with
attached Hamamatsu PMA-11 spectrometer. Light emwitdiode was as
excitation source. Monochromator was applied to5dét nm wavelength light.
Photoluminescence quantum efficiency was measureWilnius University
under prof. Saulius JurSenas supervise.

.Edinburg Instruments Fluorescence SpectrometerOF3fuipment
was used for measurements of photoluminescencédsng&dinburgh EPL-375
pulse laser diode with wavelength 375 nm, repetiteate of 10MHz and pulse
duration of 50 ps was as excitation source.

2.2.3. Transient differential absorption measurements

Light Conversion ,Pump-probe spectrometer PPS-1limgent was
used for transient absorption measurements. Tii8epfaser with wavelength
470 nm, repetition rate of 1 kHz and pulse duratdri 30 fs was light source
in this system. Transient absorption spectra is thork were obtained 5 ps
after excitation. This experiment was done by iy$? Renata Karpic.

2.2.4. Set-up for amplified spontaneous emission experiment

Set-up for amplified spontaneous emission measuremas self made.
Its experimental scheme is shown in Figure 2.1.

Spectrometer
Aperture Ocean Optics
Sample HR4000
. | [ ,
| | \/‘ '
Laser Cylindrical _
lens Optical

fiber

Figure 2.1.Experimental scheme of amplified spontaneous eamssieasurement
Ekspla SL 312 Nd:YAG pulse laser with wavelengtl2 581 was used
as excitation source. Pulse duration was 150 psepwtition rate 10 Hz.Ocean
Optics HR4000 spectrometer was used to registetteiniight spectra. The
emission spectra were obtained at different exonantensities. The intensity
was measured before each irradiation by thermalep@&nsor 3A and power
meter Ophir ,Laserstar”.
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2.2.5. Equipment for current-voltage characteristic and charge
carrier trap state measurement

Current-voltage characteristics was measured inrédggme of space
charge limited current (SCLC) and charge carriap tstates was obtained by
the temperature modulated space charge limiteceeumethod (TM SCLC).
All measurements (see Figure 2.2.) were perfornmdryogenic system at
pressure 9*18 Bar. The sample was heated and cooled in the rahdé K
from 235 K till 250 K to provide TM SCLC method.

|VaCuum|||r;u-;|I<

Thermo

regulator

Voltage
ource

*Voltage souerce - Keithley 6487
Picoammeter/Voltage Source

PC

|IEEE488
Interface

@)

Vacuum
Criostat

*Electrometer - Keithley 6514 System
Electrometer

*Thermo regulator - LakeShore 332S-T2 ¢
Temperature Controller m
*Vacuummeter — limvac PEN 100

Turbomolecular
Pump System

Figure 2.2.Experimental scheme of current voltage characiestd activation energy
measurement [27]

2.2.6. Set-up for electroluminescence measurement

Set-up for electroluminescence measurement was gse#de.
Experimental scheme is shown in Figure 2.3. Elémnmescence
measurements were performed in air.

—

———

Voltage source Multimeter g‘;igrzogn;.tssr
|| . : i
Keithley 230 Keithley 2700 Visible light Cﬁgg;fgf' HRA4000
transparem\ p
filter -—‘

Sample
Optical
fiber

Lens Semitransparent
glass

Figure 2.3.Experimental scheme of electroluminescence measmem
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3. Results and discussion

3.1. Effect of molecule structure on optical properties

3.1.1. Structure of original pyranyliden fragment containing
molecules

Six pyranyliden derivatives, which form amorphoutate, were
synthesized in Faculty of Materials Science and liggpChemistry of Riga
Technical University under prof. Valdis Kokars sopges. These molecules
can be divided in three sets by electron acceptoups (see Figure 3.1). In

WK-1 WK-2

A

Figure 3.1.Investigated compounds which form amorphous aireciNicknames of
the compounds are made from letters of chosernreteatceptor group. Black —
pyranyliden fragment, Red — electron acceptor grolye — electron donor group and

green — bulky trytiloxyethyl group. Full names bétcompounds are in text

each group are molecules with one or two electronod groups. 2-(2-(4-
(bis(2-(trityloxy)ethyl)amino)styryl)-6-methyl-4Hypan-4-
ylidene)malononitrile DWK-1) is modifiedDCM molecule (see 1.1. chapter),
where butyl group is replaced with two bulky traxlethyl groups (see Figure
3.2.).

Incorporation of such bulky groups allows molecute$form amorphous
thin films from solutions. All investigated moleesl have this trityloxyethyl

15



groups. Second molecule with malononitrile as etecacceptor group is 2-(2-
(4-(bis(2-(trityloxy)ethyl)amino)styryl)-6-methylH4-pyran-4-
ylidene)malononitrile DWK-2).

"~ A

f
Q¢
SO

Figure 3.2.MoleculeDWK-1. Red — electron acceptor group, Blue — electrorodon
group, green — bulky trityloxyethyl group

Barbitur acid is electron acceptor group for molesu5-(2-(4-(bis(2-
(trityloxy)ethyl)amino)styryl)-6-methyl-4H-pyran-ghdene)pyrimidine-
2,4,6(1H,3H,5H)-trione (JWK-1) and 5-(2,6-bis(4-(bis(2-
(trityloxy)ethyl)amino)styryl)-4H-pyran-4-ylideneypmidine-
2,4,6(1H,3H,5H)-trione JWK-2) but indandione group for molecules 2-(2-(4-
(bis(2-(trityloxy)ethyl)amino)styryl)-6-methyl-4Hypan-4-ylidene)-1H-indene-
1,3(2H)-dione ZWK-1) and 2-(2,6-bis(4-(bis(2-(trityloxy)ethyl)
amino)styryl)-4H-pyran-4-ylidene)-1H-indene-1,3(2#ipne EWK-2).
Chemical structures of the investigated compoundssaown in Figure 3.1
and there synthesis are described elsewhere [28].

Glass transition temperature of these compoundisgiser than 100°C,
melting temperature above 140°C and decomposiiopérature above 260°C
[28].

Small aggregates were observed in few of fims areg from
investigated compounds but there influence on aptaoality of the films was
insignificant.

3.1.2. Influence of trityloxyethyl group on optical transitionsin
molecule

Amorphous thin films could be form due to covalgniihked bulky
trityloxyethyl group to the chromophore. It is inpemt to check the influence
of these groups on optical transitions in the makecin the case of proven
such group insignificant influence on optical prd@s, one could use that
chemical modification route to obtain amorphousithims based on other
chromophores. . For comparison two compoubddM and DWK-1 were
chosen. They contain the same chromophore. Triypgthw| group which is a
part of DWK-1 molecule is only difference between them. Absorpspectra

16



in dichloromethane solution shows insignificantn(8) red shift ofDWK-1

1.0

o
o
! .

o
=}
!

Absorption (n.u
=] o
ullP Nl .
—
\
J¢

0.0+

|, ——DCM
\ ---- DWK1

T T
300 400

Wavelength (nm)

I
500

Figure 3.3.Absorption spectra of the compour@éM [15]andDWK-1 in

dichloromethane solution
compound with respect 0CM (see Figure 3.3.).

Shift of absorption spectra could be conformed bgrdum chemical
calculations. Them were done by Gaussian 09W sodtwackage by DFT
method with hybrid B3LYP & 6-31G (p,d) functionaDptimisation of

HOMO

DCM

LUMO

o &

Figure 3.4. Highest occupied

DWK-1.
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geometry was done before modelling of the electropioperties of the
molecule by TD DFT method.

Light absorption is attributed to the electron gidion from highest
occupied (HOMO) to lowest unoccupied (LUMO) moleubrbital. Quantum
chemical calculations dDCM and DWK-1 show equal HOMO and LUMO
between molecules as it can be seen in FigureThdre is no trityloxyethyl
group influence on molecular orbital. Equal molecwrbitals also means that
transition energy between the orbitals should beakglue to the same
chromophore part in both molecules.

50000+
40000
30000+
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Figure 3.5.Calculated absorption spectra@fVK-1 unDCM compound in vacuum.
Calculations of transition energies (the same a®rbon band) was
performed and 5nm red shifted ®WK-1 compound in vacuum in
comparison toDCM (see Figure 3.5.) was obtained. An experiment and
gquantum chemical calculation confirms that trityeihyl groups have
negligible influence on optical transitions in molde.

3.1.3. Absorption and photoluminescence properties of
solutions and amor phous thin films

Absorption and photoluminescence spectra of theestigated
compounds in dichloromethane solution are showRigure 3.6. Absorption
band of all compounds in the solution and thin $ilere located in spectral
region between 400 nm and 650 nm. Moreover it cb@di from several
overlapping bands which could be clearly distingats only in few cases.
Origin of these bands could be different configratof the molecules. For
simplicity, only the most expressed absorption mmaxn will be taken for
comparison. The maximum of absorption spectr@a\WWK-1 andJWK-1 has
40 nm red shifts compared to compouBd¥WK-1. Absorption spectra of
compounds with two electron donor groups have et svith respect to
compounds with one electron donor group. Absorptiaximum ofDWK-2
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Figure 3.6. Absorption (dashed line) and photoluminescencetspésolid line) of
solution (black) and thin films (grey)
andZWK-2 is shifted to larger wavelength comparedMVK-1 andZWK-2
by 17 nm and 11 nm, respectively.

Similar red shift was observed by compaf2@M (one electron donor
group) andd-DCM molecules (two electron donor groups) [23]. It was
explained by different conjugation length. Additnexplanation could be
stronger donor group. Electron donating propertiss enhanced by
simultaneously working of both donor groups. Thepsh of the absorption
spectrum ofJWK-2 is different from the absorption spectrum BNVK-1.
Oscillator strength of the absorption band at ab®0® nm became more
intense.

Photoluminescence spectra have 115nm large Stekds in the
solution of the compoun®WK-1. Photoluminescence band ##WVK-1 and
ZWK-1 in the solution is similar tdWK-1 photoluminescence band with
Stokes shift of 124 nm and 113 nm, respectivelgk& shift of the compounds
with two donating groups in the solution could l@d&0 nm.
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The absorption spectra of the thin solid films practically unchanged
with respect to the solutions spectra. The redt sifithe absorption spectra
maximum corresponds sequentially Z&VK-1, JWK-1 and DWK-1, as a
stronger acceptor group induces a larger red $foftthe moleculeEWK and
DWK with two donor groups the absorption spectrasigt21 nm and 22 nm,
respectively. The changes of maxima positions ef dbsorption spectra for
JWK molecules is hard to estimate due to noticeabt®rge maximum of
molecule with two electron donor groups which isrchdo distinguish in
molecules with one donor group.

The photoluminescence spectra of all films are gdleifted in
comparison with those of the solution. For moleswiéth one donor group, the
shape of the photoluminescence spectra of thefitma is very similar to that
in the solution. Meanwhile the derivatives with twonor groups exhibit an
additional band at longer wavelengths. It barelpesbable in the case of
DWK-2 andJWK-2 molecules where its maximum intensity respect s&nm
photoluminescence maximum intensity is only 0.1 &l respectively. For
ZWK-2 compound it became dominant with rate 1.1 from mmai
photoluminescence maximum intensity.

The second maximum o¥ZWK-2 is not observable in dimethyl
sulfoxide (dielectric constant is ten times largiean for chloroform) which
shows that it does not depend on dielectric praggerdf surrounding media.
Also it should not be due to formation of dimmeezduse the small maximum
intensity of second band is observable in 1 andt%® WWK-2 molecule in
polymer. Some intermolecular interaction which ist nassociated with
aggregates could be only explanation.

In high concentration solution stronger intermolacunteraction takes
place and second band should appear. It was obtameadichloromethan
solutions withZWK-2 molecules at the concentration of 2.2*1fol/l (see
Figure 3.7. inset) which is three orders of magiethigher than in previously
investigated solutions. The long wavelength maximuetative intensity
reduces by decreasing concentration three timebaooimes barely observable
in solutions with 9 times lesBWK-2 molecule concentration in the solution.
Nevertheless it can be found not only in these eontration solutions but also
in  much smaller concentration solutions by decomtioh the
photoluminescence spectra in two Gaussian bandiati®ephotoluminescence
integral intensity of each spectral band for alethconcentration solutions was
obtained from the bands covered areas. Short wagttleluminescence is
dominating at smaller concentration solutions amd ts a reason of barely
observable long wavelength luminescence. Both lesuance intensities
decrease by increasing concentration due to stranggrmolecular interaction.
Short wavelength photoluminescence intensity dee®afaster than long
wavelength photoluminescence (see Figure 3.7.)t'Sady long wavelength
luminescence became possible to see at higher mwatien solutions.
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solution (inset - photoluminescence spectra ofouariconcentratiodWK-2 molecules
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The origin of two luminescence bands could be twited state levels
where transition from one is more probable thamftbe second. We think that
trityloxyethyl groups can protect both exited ssabeit better protection is for
exited state which gives long wavelength luminesegsee Figure 3.8.).
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Figure 3.8.Molecular orbitals corresponding to a) less prigt@@nd b) more protected
exited states afWK-2 compound.

3.1.4. Photoluminescence quantum yield

The results on photoluminescence quantum yieldllo€caanpounds in
solution and thin films are summarised in Table 3-1
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Table 3-1.Photoluminescence quantum yield of investigatedpmunds in solution and
thin films.

Solution Thin film
DWK-1 0.32 0.026
DWK-2 0.43 0.009
JWK-1 0.47 0.011
JWK-2 0.32 0.007
ZWK-1 0.54 0.01
ZWK-2 0.4 0.003

DWK, JWK and ZWK compounds in the solution exhibit values
between 0.3 and 0.55. These values are similangadsults oDCM dye in
chloroform 0.35 [29]. The ZWK-1 compound has the highest
photoluminescence quantum yield. As the acceptoumgbecomes weaker, the
value of photoluminescence quantum yield decredsedpwest one being for
DWK-1 molecules. The compounds with two donor groupswsisonaller
values of quantum vyield in comparison with the males containing one
donor group. The only exception is tD&WK molecule wherddWK-1 has a
smaller photoluminescence quantum yield tlAWK-2. For comparisond-
DCM molecules have been reported to have at least tiives lower
photoluminescence quantum yield comparedD©M [23]. The explanation
may lie in the bulky trityloxyethyl groups. All irstigated molecules consist
from stilben like part where both trans and cigniecs could be in the same
time in solution. In the case dDWK-2 molecules the volume of the
malononitril group is small so that in the caseisfisomer it can be surrounded
by phenyl rings, which tend to decrease the elachaceptor group interaction
with the solution, thus increasing the quantumdyiel

Figure 3.9. a) unprotected and b) protected ele@ozeptor group of DWK-2 molecule.
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The fluorescence efficiency is more than one oleles in the thin solid
films than in solution. This decrease is due to #imealler intermolecular
distance between molecules in the thin solid filmkich gives rise of
interaction of exited state and provoke larger neindd nonradiative relaxation
thus smaller photoluminescence quantum yield.

3.1.5. Photoluminescence kinetics

Luminescence kinetics was measured at wavelendtlthweorrespond
to the peak of the photoluminescence bands. Shokt@velength
photoluminescence band maximum was chosen for #meples with two
luminescence bands. It was done due to the phoboksTence registration
limits at longer wavelength. Photoluminescencellohaestigated molecules in
the solutions decays exponentially with decay tinsegying from 1.4 to 2.8 ns.
Photoluminescence of the pure films decays muchtefasand the
photoluminescence kinetics is clearly non-expoméniihe non-exponential
decay supports the relaxation mechanism basedeofiubrescence quenching
which is more pronounced in solid state due to Emaltermolecular distance.
In our case approximation by the bi-exponentialagetunction was used.
Exited state lifetimes of all compounds in solutemd thin film are shown in
Table 3-2.

Table 3-2.Exited state lifetimes of all compounds in solutaord thin films.tg — exited
state lifetime in the solution,, 1, — radiative and nonradiative exited state lifetime
the solutiongyq, to— exited state lifetime in the thin films
Solution Thin films
Ts Tnr Tr Tk1 Tk2
DWK-1 14 (21| 44| 14 0,3
DWK-2 21 | 31] 49| 1.1 0,3
JWK-1 23 | 43| 48] 15 0,5
JWK-2 23 | 34| 72| 09 0,3
ZWK-1 21 (46| 39| 1,3 0,4
ZWK-2 28 (46| 70| 0,8 0,2

Radiative exited state lifetime in the solutionstws times larger for
JWK-2 and ZWK-2 molecules compared tdWK-1 and ZWK-1. One of
explanation could be symmetric form of molecule athprovides longer living
and better protected from quenching exited stat@mpewed to asymmetric
molecules.

The radiative decay time of molecules in the pilmasfwas not possible
to obtain due to the non-exponential relaxationentheless comparison of both
fast and slow luminescence intensity decay timeslaee. The difference
between time constants is not as expressed assitinvagolutions however
smaller time constant is for molecules with twocélen donor group which is
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contrary to observations in the solutions. The coumas with two electron
donor group exhibit small photoluminescence quanyietd in the thin films
which mean that most of electron transitions isradrmative. Such transitions
are fast and this is a reason of small time comstan

The radiative decay rate which is inverse of exgéate lifetime is an
important parameter to determinate applicability neblecules for the light
amplification since it is directly related to thnsulated emission cross section
[30]:
F(A)A
8m°c
where F(4) is the fluorescence quantum distribution functibns the light
wavelengthn is the refractive index of the surrounding medis the speed of
light, k, is the radiative decay rate. Unfortunately we do krmow radiative
decay rates in the solid thin films but analysegheise rates in the solutions
show thatDWK-1, DWK-2, JWK-1 and ZWK-1 compounds could be
perspective as media for laser applications. Thiosyer radiative decay rates
of JWK-2 andZWK-2 molecules allow us to predict that these compoands
less suitable for the light amplification.

O-em(ﬂ') = kr ! 3-1
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3.2. Properties of amplified spontaneous emission

3.2.1. Transient differential absorption

Transient differential absorption investigationd Haeen performed in
order to get more information about possible stated emission properties of
the studied materials. The differential absorpspectra at 5 ps delay time of

DWK1 RE ﬂ:

JWK1

W
v N

-~
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Transient absorption (a.u.)

ZWK1

ZWK2 : ,;

400 500 600 700 800 900
Wavelength (nm)

Figure 3.10. Transient differential absorption speof investigated compounds in
solution (black) and thin film (grey). Absorptioso(id line) and photoluminescence
(dashed line) spectra of compounds in solutionggr@nd thin films (blue) are added
for easier analysis.
all investigated compounds in dichloromethane smhstand of the pure films
are shown in Figure 3.10.
The differential absorption spectra reveal threeinmeomponents:

absorption bleaching, stimulated emission and edcistate absorption.
Generally the differential absorption spectrum rhaydescribed as:

AAA) = n* [(~o(A) — o, (1) + o * (A)], 3-2
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wheren* is the density of excited moleculesr,, o ,and o* are cross

sections of the ground state absorption, stimulat®iésion and excited state
absorption. As it can be seen in formula 3-2 grostate absorption and
stimulated emission decrease difference absorgpestra and only exited state
absorption increase it.

The minimum of differential absorption of all compuls in solution
and thin films is observable in the spectral regMrere photoluminescence is.
The only reason of negative values could be dstitaulated emission because
there is no ground state absorption in this regitin.means that the
amplification efficiency is directly proportionab the intensity of the negative
transient absorption.

Less negative transient absorption is for compoundk-2 andZWK-

2 in the pure thin films. It is in good agreementhnpreviously observed small
radiative decay rate (see. 3.1.5. chapter). Coresglyuwe could say that these
two compounds are probably less suitable for laghplification.

Generally the stimulated emission spectrum is edlatto the
fluorescence spectrum through stimulated emissiagnssc section as

o..(A) ~ F(A)A*, which shows that the stimulated emission band &lea

slightly red-shifted relative to the photoluminesce band. This relation is
approximately valid only for th®WK-1 in the solution. Other compounds as
well as all compounds in the solid films have siabed emission bands blue-
shifted relative to the corresponding photolumieese bands. A dynamic long
wavelength shift of the fluorescence band, whidkls apectral diffusion, is the
most straightforward reason for the disagreemdrd;fluorescence spectrum
experiences a shift to the long wavelength sidénme. Therefore, the time-
integrated spectrum is shifted to the long wavdlersyde in comparison with
the spectrum revealed by the stimulated emissiénpatdelay.

3.2.2. Amplified spontaneous emission in pure thin films

In order to demonstrate the light amplification qpectives we prepared
samples of all compounds on a quartz substrateafmplified spontaneous
emission measurements. Only for four compoubd§¥K-1, DWK-2, JWK-1
andZWK-1, the amplified spontaneous emission has been odxdeFor other
two samples,JWK-2 andZWK-2, we were unable to observe any amplified
spontaneous emission signal even at high irradiatipulse energy
(>1000pJ/cnf). Itis in agreement with the above expressedigtieds.

The peak positions of amplified spontaneous emisai@ shifted to a
longer wavelength side as compared with the photolescence band maxima
(see Figure 3.11.). The shift values are 14, 18a46 31 nm forDWK-1,
DWK-2, JWK-1 andZWK-1, respectively.
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Figure 3.11. Photoluminescence an amplified sp@utas emission spectra of
compounds in the pure thin films.
The position of amplified spontaneous emission peak the

photoluminescence peak is according to relatiop (1) ~ F(1)A*. Its

confirm hypothesis about spectral diffusion as mig@ason of blue shift in
transient absorption measurement. Spectral diffugonot enough 5 ps after
excitation but is fully proceed after 150 ps whatswduration of excitation of
amplified spontaneous emission.

The amplified spontaneous emission develops insfiextral position
where the light amplification coefficient has theaximal value. The
amplification coefficient may be described as:

P(4) = (oen(A) —o* (A))n* = (A)(N - %) , 3-3

where n* is the density of excited molecule®\ is the total density of
molecules,cs()) , cen{A) and o*(A) are cross sections of the ground state
absorption, stimulated emission and excited stasemption.

However, even weak ground state absorption may ifsigntly
influence the amplification coefficient. This isdagise large part of excited
molecules gives nonradiative decay to ground stéieh could absorb sample
emitted light. Therefore, even a weak tail of thsaption band may strongly
reduce the amplification coefficient or make it agge. Thus, the absorption
band tails are evidently also responsible for tingts of the amplified
spontaneous emission spectra to the long wavelesidéhin comparison with
the maxima of the fluorescence bands.
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Variations of the peak intensity and a full widthhalf maximum of the
amplified spontaneous emission spectra by changmgump beam energy are
shown in Figure 3.12. From the obtained data amepgli§pontaneous emission
threshold values were estimated to be 90+10, 33023810, 225+2QuJ/cnf
for DWK-1, DWK-2, JWK-1, andZWK-1, respectively. These numbers are
relatively large in comparison with threshold vaw# several micro joules per
square centimetre reported for some other matdBals [32]. However, direct
comparison is difficult because amplified spontarseemission threshold, in
addition to material properties, depends also an gshmple and excitation
geometries, film thickness and optical quality asllvas on excitation pulse
durations. Nevertheless it is the first time of eftsation of amplified
spontaneous emission in pure thin films consistimgm pyranyliden
derivatives.
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Figure 3.12. Dependence of emission maximum intgasid full width at half
maximum of the spectra on excited laser beam mrisegy in thin films.

3.2.3. Amplified spontaneous emission of polymer matrix doped
with DWK-1 and DWK-2 compounds and itsrelation to
system optical properties

In literature the best results of amplified spoetams emission were
obtained in host — guest systems where active migle@re doped in matrix. It
helps to decrease chromophore intermolecular ictiera thus decreasing

threshold values of amplified spontaneous emis$iij, [33—-36]. In most
cases the optimal concentration was 2wt%.
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DWK-1 and DWK-2 molecules were doped in poly(methyl
methacrylate) RPMMA ) at the concentration 0.1, 1, 3, 5, 10 wt%. Thmesa
concentration samples were prepared W@M molecules for comparison.

—=—DCM
DWK-1
. —A— DWK-2
1000 - T
] L
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Pulse energy (nJ/cm?’)
S

Photoluminescence quantum yield (%)

0 2 4 6 8 10
Concentration (wt%)

1 y T y T y T y T y T
0 2 4 6 8 10
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Figure 3.13. Dependence of the threshold valuesigflified spontaneous emission on
active molecule concentration BMMA matrix (inset - photoluminescence quantum
yield of the same systems).

Photoluminescence quantum yield for all systemsshmvn in inset of
Figure 3.13PMMA films doped withDWK-1 andDWK-2 molecules at low
concentration (<1 wt%) exhibited somewhat lowertphoninescence quantum
values as compared to those obtained in the solulibis discrepancy of the
photoluminescence quantum values in the soluti@htie polymer film at low
doping level may be attributed to the sensitivityle molecules to the polarity
of the surrounding media. At high concentratioresNVK-1 molecule showed
negligible photoluminescence quenching dependenceoacentration. On the
other hand the molecule with two donor groups exabmore pronounced
quenching. Photoluminescence efficiency of the paly film doped with 10
wt% of DWK-2 molecules decreased 2-time compared to the filth &0 wt%
DWK-1 molecules. This decrease should be do to secoatblpininescence
band inDWK-2:PMMA system as it was in previously investigat®/K-
2:PMMA system The laser dyi@CM dispersed in the polymer matrix at high
concentration showed remarkable fluorescence guegmchor example, at a 10
wt% concentration, DCM molecules, up to a 4-time decrease of
photoluminescence quantum yield is observed in erispn with the same
concentration oDWK-1 molecules. Thus incorporation of bulky trityloxiggt
groups prevents the formation of aggregates of dige molecules and
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remarkably reduces photoluminescence quenching ndepee on
concentration.

Threshold value of amplified spontaneous emissias @btained for the
samples to estimate concentration dependence ossiemi properties (see
Figure 3.13.). Amplified spontaneous emission waspossible to observe in
polymer system with 0.1 wtWK-2 andDCM molecules. At the beginning
threshold value decrease by increasing moleculeardration in polymer (see
Figure 3.13.). Threshold value starts to increds®/@ concentration of 5wt%
for DCM compound. Similar concentration was obtain in potlverks where
active matrix was used [22]. The best result oéshold value (1QJ/cm2) was
reached for 10 wt%WK-1:PMMA matrix. Its at least one order of magnitude
less compared to the best systemD&@&@M:PMMA . It means thaDWK-1
molecule is perspective for laser media.

During the investigation of amplified spontaneonsission was found
that emission maximum has red shift by increasingiva molecule

[\ —— 0.1 Wi%
\ — 1wit%
\ — 3 wt%
—— 5wit%
—— 10 wt%

Emission intensity (a.u.)

580 ' 660 ' 6é0 ' 640
Wavelength (nm)
Figure 3.14. Dependence of amplified spontaneoussson spectra on DWK-1
molecule concentration in PMMA matrix

concentration in polymer (see Figure 3.14.). Sinméal shift was observed also
in photoluminescence spectra.

Red shift was observed for all compounds which vadenged in polymer
matrix (see Figure 3.15. a,b,c). Similar photoluesicence shift was observed
for DCM molecules in various dielectric constant solvedis], [23]. It is
explained by solvatochromic effect. Usually thisfeet is observable in
solutions. At the same time it also could be apble host — guest system
where molecules are dissolved in solid solutionolm case we prepare two
component systems where it is possible to changkedric constant of all
system by increasing the amount of one componezudriéntation of dipoles is
less probable in solid state that's why only elactipolarizability part of
dielectric constant should be take in to accoumxalain solvatochromic effect
in solid films. This part can be obtained from dalic constants at light
frequencies. Quantum chemical calculation showsrbaresonance dielectric
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constant forDWK-1 compound is 2.76DWK-2 is 2.75 andDCM is 3.07.

QD
Nad
[ ]

- //////// 700

680
620+
660 -

600
640+

5801 620+ "

560 1

600 f

580 1

Emission maximum (nm) &£

Emission maximum (nm)

540

T T T T T T T T T T T 1 T T T T T T T T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
Compound concentration in polymer (wt%) Compound concentration in polymer (wt%)

c) d)

- 660 -
o / e o
610+ .

620+

600 -
590

600
580+
580+

570 560+

Photoluminescence
maximum (nm)

5604 540

Emission maximum (nm)

R T T SR S S S T D 2 s 4 %0
Compound concentration in polymer (wt%) Dielectric constants of solutions
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c) DCM concentration in polymer matrix. c) Photoluminesmemaximum wavelength
of DCM compound in various dielectric constant solveh@,[[23]. Lines is guideline
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These values are larger compared to experimentedlsured optical dielectric
constanof 2.22 forPMMA [37]. It means that dielectric constant of theteys
was increased by increasing the amount of the eatiglecules [38]. This is in
good agreement with our observed red shift of aonsspectra. First time such
effect noticed Bulovic et al. in the electroluminesce spectra of various
concentrationrDCM2 molecules inAlg; matrix [39]. Later they observed red
shift of photoluminescence spectra in the syst®@GM2: N,N-Bis(3-
methylphenyl)-N,NdiphenylbenzidineTPD) [40].
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3.3. Electroluminescence and electrical properties of
ZWK-1 and ZWK-2 compounds

Despite low photoluminescence quantum yields ed&atninescence
system was made in this work. Compounds with indar@group as electron
acceptor groupZAWK-1 and ZWK-2) was chosen for electroluminescence
measurement. Such choice was made by to reaseoss—Hphotoluminescence
spectra is in red spectral region which gives pred colour. Second —
indandione derivatives are one of the most invagtig compounds in the
laboratory.

3.3.1. Electroluminescence properties

Samples with the structure ITREDOT:PSS40nm)ZWK1 (x nm) or
ZWK2 (x nm)/LiF(1nm)/Al(100nm) was made for electroluregtence
measurement®EDOT:PSSand LiF layers was used to improve charge carrier
injection in the sample. The best result was okthiwith the active layer
thickness of 95 nm foZWK-1 and 85 nm foiZWK-2. Electroluminescence
spectra of prepared samples are shown in Figufe 8.and b.
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Figure 3.16. Electroluminescence (solid line) ahdtpluminescence (dashed line)
spectra of the compounds a) ZWK-1 and b) ZWK-2.

The measured current-voltage curves are almostahee when positive
voltage was applied to the bottom ITO electroddopr Al electrode. It shows
that in both cases equal number of charges carriges injected.
Electroluminescence was not observed in reversectibn, when electrons
were injected from ITO and holes from aluminiummnieans that in reverse
direction only one type of charges were injectetectoluminescence was
achieved in forward direction what is proof thatittbdypes of charges were
injected. Unfortunately symmetrical current-voltagbaracteristics indicate
poor injected charge balance in forward directlarsuch case the efficiency of
organic light emitting diode will be reduced. Ongpe of charge carrier
injection (when square law of current dependencevatage starts) starts at
voltage of 5V and 7 V fofWK1 andZWK2 , respectively.
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Figure 3.17. Current — voltage (black) and eleatrohescence brightness — voltage
(blue) of prepared samples with compound a) ZWégd b) ZWK-2.

The turn on voltage of the device was 5.6 V and 8.@when the
luminance is ~ 1 cd/fh for ZWK-1 andZWK-2, respectively. The brightness
increases with the forward voltage and reach 12@¥‘cand 400 cd/min the
case oZWK-1 andZWK-2, respectively (see Figure 3.17.).

Current and power efficiency are shown in Figurel83. Both
efficiencies at the beginning increase with currdansity due to improved
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Figure 3.18. Power (black) and current (blue) edficy of the samples with compounds

a) ZWK-1 un b) ZWK-2.
balance of injected charge carriers. One type afgs carriers are injected at
low voltage and only at higher voltage second tgpeharge carriers star to
inject in the sample and then electroluminescemgears. Power and current
density start to decrease by further increasedcentidensity. The reason could
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be different charge carrier mobility which reducebarge balance and
efficiency.

CompoundZWK-1 is at least 10 times more efficient thAWK-2 . It
can not be explained only by the 3 times differenteghotoluminescence
quantum yield of the thin films. Electrical propes, like, charge carrier local
trap state, also could give some influence.

3.3.2. Chargecarrier trap statesin thin films

Electrical properties of thin solid films were mee=d in space charge
limited current (SCLC) regime. The thickness of #@mnple was 500 nm to
realise this regime. Current-voltage charactesstieere measured at both
polarities: positive voltage was applied to ITO aldminium electrode. The
characteristics are shown in Figure 3.19. Eachectnvoltage characteristics,

Current (A)
\
\

T
100

Voltage (V)

Figure 3.19. Current — voltage characteristic$of films of ZWK-1 (black) unZWK-

2 (blue). Positive voltage is applied to ITO (sdlite) and aluminium (solid line)

electrode.

exceptZWK-1 at positive aluminium electrode, could be dividedhree parts:
omic, square and higher order. There is no thind fma ZWK-1 at positive
aluminium electrode. Third part in SCLC regimeibtited to trap filled current
but in some cases it could be due to bipolar imactof the charges.
Determination of alignment of Fermi level of metalsspect to ionization
energy of organic molecule and electron affinitemgy is important to make
correct conclusions.

Higher current was observed at applied positivdaga to ITO than
aluminium electrode. It is easy to understand if ek on work function
alignment respect to organic molecule energy levdigortunately we do not
have information about ionisation potential VK molecule, but we can use
the experimental value 5.4 eV &@fCM molecule which should be close to
ZWK value. Work function of ITO is 4.7 eV which is s to ionisation
energy oflDCM molecule [41]. Band gape, which vas obtained fedrsorption
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spectra, of compoundWK is around 2 eV thus electron affinity is around
3.4 eV. We got that work function of aluminium @ngsewhere in the middle of
band gap ofZWK compound (see Figure 3.20.). It means that alwmni

electrode can inject electrons and holes but I'é&tsdde only holes.
EA 3,4eV -/

NSt Rl 2
Figure 3.20. Energy level diagram of charge caingction from ITO and aluminium
electrode. EA — electron affinity and EJ — moledal@sation energy.

Further analysis can be done only for positive ahum electrode due
to the monopolar injection. Temperature modulat@pace charge limited
current method was used to obtain charge carreal ivap states. The method
iIs based on analysis of dependence of charge rcacievation energy on
applied voltage (see Figure 3.21.).
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Figure 3.21. Dependence of activation energy otieghpoltage on ZWK-1 (red) and
ZWK-2 (black) thin films. Positive voltage appli¢alaluminium electrode.

Activation energy rapidly decreases by increasapglied voltage on
the thin film withZWK-1 molecules till it reach 0.025 + 0.001 eV. Thisual
is similar to kT value 0,026 eV at room temperatilvat shows the level is due
to the activation of charges in conducting eneeygl.

Activation energy decrease more slowly by incregsuoltage for
ZWK-2 compound compared @WK-1 and it does not decreasing more than
0.10 £ 0.01 eV. Broader energy distribution of cectivity level is the reason
of slower decrease of activation energy. It cowdddine to more conformations
of molecules in the case aZWK-2 compared to compoundWK-1.
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Additional hole trap state level was observed argy 0.15 £ 0.01 eV when
positive voltage was applied on aluminium electrode

Electrical properties is worse for thin films catsig ZWK-2
molecules respect to films witEWK-1 molecules due to broader energy
distribution of conductivity levels and additiordlarge carrier trap state which
also reduce electroluminescence efficiency.
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Conclusions

Trityloxyethyl groups have negligible influence optical transition in
molecule. Two radiative transitions are charactierief molecules with two
electron donor groups, where less probable tramsiis more protected by
bulky trityloxyethyl groups from environment infloee.

Reduced average intermolecular distance, thusrligrgere probable)
interaction of excited states in pure solid filmg the reason of
photoluminescence quantum yield reduction by orgeronf magnetude in
comparison to the solutions of molecules.

Photoluminescence quantum vyield is practically fecéd by
increasingDWK-1 molecule concentration in polymer matrix. Mean le/ht
rapidly decreases by increasiidCM molecule concentration in the same
polymer.  Trityloxyethyl group reduces intermoleaulainteraction.
Consequently it is possible to increase active mudeconcentration in matrix
while optical properties, like, photoluminescencaiwtum yield stay the same.

Photoluminescence kinetics and differential tramisieabsorption
measurements show possible application as actiser lmedia four of six
investigated compounds. This prediction was corddnby the amplified
spontaneous emission measurements of the puréltha Till now there were
no observations of amplified spontaneous emissigoure films which consist
only from pyranyliden derivatives. Further reduntiof threshold value of
amplified spontaneous emission was achieved byapirep host-guest systems.
Moreover, we are able to reduce for more than orderoof magnitude
threshold value in the syste@WK-1:PMMA compared to the system
DCM:PMMA . It means thaDWK-1 compound is perspective for practical
use in light amplification systems. Photoluminesgenand amplified
spontaneous emission spectra exhibit red shift witheasing active molecule
concentration in polymer. It is explained by pastisolvatochromic effect
when dielectric constant in system is increasinghwhe active molecule
concentration.

Electroluminescence efficiency is higher for thesteyns withZWK-1
compound compared to systems wilWK-2 compound due to higher
photoluminescence quantum vyield and better eledtrproperties. Energy
distribution of conductivity levels is wider f@@WK-2 molecules compared to
ZWK-1. It could be due to more conformationsZWK-2 molecules. Holes
trap states was observed in the thin flmZWK-2 compound. Application of
the pure thin films of these compounds in orgaigictlemitting diode is limited
due to low electroluminescence efficiency. Morespective could be use of
such compounds in matrix.
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Thesis

Attachment of trytiloxyethyl groups shows no siggaiht influence on
optical transitions in chromophore molecules. Thgsrips could provide
capability of different molecules to form amorphostate for solutions
meanwhile not changing optical properties of molecu

Bulky trytiloxyethil groups protecting chromopholi@m interaction with
surrounding molecules. It can be observable in ethweays. High
photoluminescence quantum vyield. Photoluminescencthe pure thin
solid films. Additional relative high intensity ptaduminescence band are
observable for molecules with two donor group imghhiconcentration
solutions and thin films. The reason is two ragmtiransitions where less
probable transition is more protected by bulkytoxyethyl groups and is
origin of second band.

The compoundPOWK-1 is most promising candidate from investigated
compounds for application as laser dye. PerformaoteDWK-1 is
expected to be even better then widely used lagerDCM. Threshold
value of amplified spontaneous emission in the-gosist system is at least
one order of magnitude less in caseDdWK-1 molecules in comparison
with similar system based @CM molecules.

Small photoluminescence quantum yield of the punesfis the reason of
low electroluminescence efficiency adWK-1 compound. Additional
decrease of the efficiency @fWK-2 compound is due to charge trap
levels in the film.
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