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Energy level tuning of blue emitting and electron 

transporting vinylene bis(vinyl quinolinyl) benzene 

derivatives: synthesis, characterisation, thin film 

characterisation and performance in OLEDs 

Poopathy Kathirgamanathan *a, Sivagnanasundram Surendrakumara, 
Seenivasagam Ravichandrana, Muttulingam Kumaraverla, Juan Antipan Laraa, 
Subramaniam Ganeshamurugana, Lisa M. Bushbya, Jeremiah P. Tideyb and 
Alexander J. Blake*b 

A number of thermally stable, conjugated, blue emitting vinylene bis(vinyl quinolinyl)benzene 

derivatives were prepared and three of them were characterised by singly crystal X-ray 

crystallography. They exhibit blue to blueish green emission (fluoresecence and 

electroluminescence) depending on the substituents. Their effectiveness as electron 

transporters in red and green organic light emitting diodes (OLEDs) has been explored. The 

phenyl and naphthyl substituted compounds were found to be superior to Alq3 in OLEDs as 

electron transporters. The electron mobility of the parent molecule, phenyl, thienyl and 

naphthyl substituted compounds were determined to be 8 x 10-7, 3.3 x 10-6, 5.5 x 10-6 and 8 x 

10-6  

cm2 V-1 s-1 respectively. Lifetime measurements were carried out for the red and green 

fluorescent devices and compared with Alq3 as an electron transporter. Some vinylene 

bis(vinyl quinolinyl) benzene derivatives show significantly longer lifetimes than analogous 

devices made with Alq3 as the electron transport layer. 

Purple to dark blue emitting devices were achieved from two of the derivatives. 

 

1. Introduction 

Manipulating the electronic, optical and thermal properties of 
organic semiconductors is a major area of research as they find 
widespread applicability1-7, 13-18.  Over the last five years 
organic light emitting diodes (OLEDs) have evolved into a 
mature technology and flexible OLEDs are also under 
development1. 
 Displays based on organic light emitting diodes (OLEDs) 
have become one of the significant flat panel display 
technologies, as evidenced by the production of active matrix 
OLEDs for mobile phones by Samsung SDI and the 
introduction of 56” OLED-TVs by Samsung and LG Displays 
(Korea).  However, high performance organic semiconductors 
are still required to improve the performance of these devices. 
 It is well known that the HOMO-LUMO levels of the 
organic semiconductors play a major role in the performance of 
OLED devices and thus we wanted to probe the band gap 
tuning with a system such as oligophenylvinylene which 
permits a large range of synthetic variations.  Furthermore, the 
quinolinoyl moiety is both electron transporting and 
fluorescent.  This paper investigates both properties. 
 Long operational lifetimes and high electroluminescent 
efficiencies are very important to commercial success.  OLEDs 

are multilayer devices, typically composed of (i) a hole injector 
[e.g. copper phthalocyanine (CuPc), 4,4’,4”-tris[N-(2-
naphthyl)-N-phenyl-amino)triphenylamine (2-TNATA), 
tripyrazinocyclohexane(s)1-3], (ii) a hole transporter [e.g., N,N’-
bis-(1-naphthalenyl)-N,N’-bis-phenyl(1,1’-biphenyl)-4,4’-
diamine, (α-NPB)], (iii) an emissive layer (host + dopant), (iv) 
an electron transporter [e.g. tris(8-hydroxyquinoline)aluminium 
(Alq3)], (v) an electron injector (e.g., LiF, CsF, lithium 
quinolates) and (vi) a cathode (e.g. Al)4-6 to provide charge 
balance so that efficient devices can be produced.  Hole 
transporters and electron transporters can also be doped with an 
acceptor or donor, respectively, to increase the conductivities of 
the respective layers5-6, 12-29 
 There is a continuing demand for reduction of the power 
consumption and operating voltage of OLEDs and for a 
lengthening of their lifetime.  Charge transport (hole and 
electron) materials, whether pure or doped, are an integral part 
of any OLED.  It has been reported that nearly 60% of the total 
electrical power loss in OLEDs is due to the transport layers 
(hole injecting layer, 5.1 %; hole transporting layer, 7.7 %; hole 
blocking layer, 5.8 %; electron transporting layer, 35.9 % and 
electron injecting layer, 5.7 %) for a phosphorescent green 
device. The remainder is due to the emissive layer (39.8%)9

. 
The lifetime is also critically dependent on the nature of the 
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transporters employed.  Improvements in efficiencies of up to 
70% have been reported by Kathirgamanathan et al1 and Kido 
et al8 when Alq3, is replaced by some novel electron 
transporters in otherwise identical devices. 
 A good electron transporter (et) should have the following 
characteristics10-13: (i) high electron affinity to match with the 
work function (W.F.) of the cathode, thus reducing the energy 
barrier; (ii) high electron mobility (µe  > 1 x 10-5 cm2 V-1 S-1) to 
aid the transport of electrons into the emissive layer and 
efficiently confine the excitons in this layer; (iii) a reversible 
electrochemical reduction with a sufficiently high reduction 
potential; (iv) a high ionisation potential (I.P.) to serve as a hole 
blocker (I.P. > 6 e.V.); (v) a high glass transition temperature 
and melting point; (vi) thermal stability up to at least 250°C 
(high Tg/Tm/Td); (vii) stability under evaporation conditions for 
a period of at least 144 hours if vacuum processing is 
employed; (viii) good stability to moisture and oxygen; (ix) 
capable of forming amorphous film so that crystallisation 
induced degradation is avoided; (x) photostability; (xi) if 
phosphorescent emitters are used, the triplet energy level of the 
et should be higher than that of the phosphorescent emitters; 
(xii) processability to produce uniform and pinhole-free films 
either by evaporation (small molecules) or by  solution casting. 
 A variety of ets based on metal quinolinolate(s) (e.g. Alq3, 
Inq3, Gaq3, Scq3, Mgq2), oxadiazole(s), imidazole(s), pyridine 
derivatives, perfluorinated oligophenylene(s), silole(s), 
phenanthroline(s), boron compounds and pyrimidone(s) have 
been reported7, 8.  However, despite its low electron mobility 
and instability to holes, Alq3 has remained the material of 
choice due to its low cost and acceptable OLED lifetimes. Alq3 
has three major drawbacks: (i) it leaves behind a considerable 
amount of residue during sublimation purification and OLED 
production conditions: (ii) the operating voltage is still 
relatively high and (iii) there is a perceived toxicity of 
aluminium compounds. 
 We have been interested in charge transporting materials for 
OLEDs over the last 20 years.  Metal complexes leave behind 
residues on evaporation under manufacturing conditions.  Thus, 
non-metal-based electron transporters which could potentially 
leave no residue under vacuum thermal evaporation conditions 
are of immense value to OLED manufacturers.  This paper 
reports our successful attempt in synthesising organic electron 
transporters. 
 Here we report the synthesis and application of bis(vinyl 
quinolinyl) benzene derivatives as non-metal based alternative 
electron transporters superior in performance to the 
“workhorse” Alq3.  We also report energy level tuning by 
substituting the bis (vinyl quinolinyl) benzene (hereafter called 
E278-ST) with phenyl (E278-Ph-ST), thienyl (E278-Th-ST), 
naphthyl (E278-Np-ST) and pyrenyl (E278-Pyr-ST).  The 
substituted quinolinyl derivatives were synthesised by Suzuki-
Miyaura coupling as illustrated in Scheme 1. 
 

 
 

Scheme 1. Synthesis of selected bis(vinyl quinolinyl) benzene 
derivatives 

2. Experimental 

Device fabrication 

Electron-only devices were fabricated by evaporating E278-ST 
and a selected number of its derivatives of layer thickness of 50 
to 120 nm into a ITO/LiF/E278-X/LiF/Al device structure.  
Alq3 devices were also made for comparison. Hole-only 
devices were also fabricated as ITO/MoO3/E278-X/MoO3/Al 
using E278-ST, E278-Ph-ST and α-NPB (for comparison). 
 Detailed electroluminescent characteristics were carried out 
only on E278-ST, E278-Ph-ST and E278-Th-ST since we had 
crystal structures for them only.  The device structure was ITO 
(anode)/E278-X (50 nm)/LiF (1 nm)/Al (cathode). 
 Trilayer devices were also fabricated in order to establish 
the electron transporting characteristics of E-278-X the devices.  
The device structure was ITO/ZnTpTP(HIL)/α-NPB (HTL)/E-
278-X /LiF/Al. 
 Electroluminescent devices were fabricated by vacuum 
thermal evaporation method using a multi-chamber OLED pilot 
machine (Solciet OLED System, purchased from ULVAC, 
Japan).  The devices were fabricated on a patterned (pixelated 
ITO substrate 40 ohms per square, surface resistance); Hitachi 
High Tech., Japan), cleaned with water, acetone, isopropyl 
alcohol and water (in that order),  dried at 150 °C for 20 
minutes and then subjected to ozone cleaning (UV irradiation, 
185 nm) at 150 °C for 10 minutes.  The substrate was then 
plasma-cleaned in the presence of oxygen for 25 seconds and 
moved into the vacuum chamber from which the hole injector 
[(5,10, 15, 20-tetra(p-tolyl)-21H, 23H-porphine)zinc(II)] 
(ZnTpTP), 20 nm for red devices and  50 nm for green devices, 
hole transporter [N,N’-bis-(1-naphthalenyl)-N,N’-bis-phenyl-
(1,1’-biphenyl)-4,4’-diamine, (α-NPB), 50 nm], host: dopant 
[Alq3, (50 nm): (0.1 nm) dopant (N,N’-diphenylquinacridone 
(DPQA), co-evaporation], electron transporter [either Alq3 or 
Zrq4 (20 nm)] E-278-X were sequentially deposited. The 
evaporation rates of ZnTpTP, α-NPB, (Alq3, DPQA), E278-X 
and LiF (electron injector) were 1 Å/s, 1.6 Å/s, (1 Å/s, 0.1 Å/s), 
1 Å/s and 0.05 Å/s respectively. 

 Directly from the vacuum chamber, all the devices were 

encapsulated using UV curable adhesive (Nagase) with glass 

back plates in a glove box filled with dry nitrogen so that the 

devices were not exposed to air.  The electrical and optical 

measurements were carried out by a computer-controlled 

Keithley 2400 Source Meter and a Minolta (CS-1000) 

spectrometer, respectively.  HOMO-LUMO levels were 

determined by cyclic voltammetry (by computer-controlled 

potentiostat PAR 273 or CHI 600D) and from band gap 

measurements by absorption spectroscopy of thin films 

produced by vacuum thermal evaporation.  Capacitance 

measurements were made on thin films as well as compacted 

discs using an impedance analyser (Hewlett Packard, 4284A). 

DC conductivity measurements of the materials were also 

performed on compacted discs using a two-probe method24
. 

3. Results and Discussion 

3.1 Physical properties 

The band gap of the E278-ST derivatives under investigation 

was determined from the absorption edge of thin films 
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produced by vacuum thermal evaporation (Fig. 1).  It is 

immediately apparent that phenyl and thienyl substituents lower 

the band gap while napthyl and pyrenyl substituents increase 

the band gap. Due to the increased conjugation, the band gap of 

the fused ring system is expected to decrease, but contrary to 

expectation, the band gap of the fused ring substitution 

increases with increasing conjugation.  We believe that this is 

due to non-planarity of the molecules, E278-Np-ST and E278-

PyR-ST which twists the quinolinyl moiety, thus increasing the 

band gap. 

 

Figure 1   Comparison of band gaps from absorption edge of 

photoluminescence 

 

3.2 Crystal structure analysis 

Crystals of E278-ST, E278-Ph-ST and E278-Th-ST suitable for 
single-crystal X-ray crystallographic studies were grown by 
slow vacuum sublimation at a temperature of 300 °C and a 
pressure of 5 x 10-6 Torr.  The tube furnace where the 
compounds were sublimed crystallised had a gradient of three 
different temperature zones.  The temperature of the material 
containing bulb of the tube was gradually increased and kept at 
300 °C.  The crystals were obtained at the temperature zone of 
250 °C. 
 Diffraction data were collected at 120(2) K on Agilent 
Technologies SuperNova diffractometers equipped with 
microfocus copper X-ray sources, mirror optics and Atlas or 
Eos CCD detectors. Data collection and processing utilised 
CrysAlisPRO34 The structures were solved by direct methods35 
and refined using full-matrix least squares36, 37. Rotation 
disorder in the thiophene rings was modelled with the use of 
similarity and planarity restraints to the relevant geometric 
parameters; restraints were also applied to the displacement 
parameters of the thiophene ring; the occupancy of the major 
component refined to 0.8426(9). Crystal structure diagrams 
were produced using MERCURY38 and other material was 
produced for publication using OLEX237. CCDC 
1044135−1044137 contain the supplementary crystallographic 
data for this paper in CIF format. These data can be obtained 
free of charge from The Cambridge Crystallographic Data 
Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 The asymmetric unit of E278-ST comprises two half-
molecules disposed about crystallographic inversion centres. 
The two molecules differ in their degree of planarity: one is 
planar to within 0.031 Å, while the other is only planar to 
within 0.197 Å and exhibits a marked sinusoidal shape. This is 
also illustrated by the dihedral angles: while those between the 
fused rings of the quinolinyl group [1.19(13), 1.16(13) °] are 

equiv
alent 

in the 
two 

molec
ules, 

the 
angles 
betwe

en the 
quinol

inyl 
group

s and 
the 

centra
l 

pheny
l rings 
[1.95(

13), 
12.80(
13) °] 
differ 

marke
dly. 

Molecules of E278-ST pack in a herringbone arrangement 
(Figure 2) as the result of CH…π, π…π and CH…N 
interactions. 

 

 

Figure 2   Upper, view of a single molecule of E278-ST; lower, 

packing of molecules of E278-ST. N atoms are shaded blue, C 

black and H light grey 

 
 In E278-Ph-ST, the asymmetric unit comprises a half-
molecule, the other half of which is generated by the operation 
of an inversion centre. The dihedral angle between the fused 
rings of the quinolinyl group [1.91(7) °] is somewhat greater 
than in E278-ST; that between the quinolinyl group and the 
central phenyl ring [12.19(7) °] is similar to the value in one of 
the molecules of E278-ST. However, a significant deviation 
from planarity arises from the twist of the terminal phenyl ring 
relative to the quinolinyl group, where the mean torsion angle is 
24.30(7) °. Packing in E278-Ph-ST (Figure 3) also involves a 
herringbone motif but this comprises C−H…π interactions 

E278-x

ST Ph-ST Th-ST Np-ST Pyr-ST

(E
g
)/
e
V

2.2

2.4

2.6

2.8

3.0

x=

Band Gap from PL

Band Gap from Absorption Edge 

Page 3 of 17 Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

only: the twisting of the terminal phenyl ring allows it to form 
one of the most favourable of these interactions. 

 

 

 

 

Figure 3   Upper, view of a single molecule of E278-Ph-ST; 

lower, packing of molecules of E278-Ph-ST. N atoms are 

shaded blue, C black and H light grey 

 

 Molecules of E278-Th-ST have no crystallographically 
imposed symmetry and are planar to within 0.168 Å. The 
thiophene rings are both disordered by a rotation of ca. 180 ° 
about the bonds to their respective quinolinyl groups: the 
major/minor occupancies are 0.8426(9)/0.1574(9) and 
0.8491(9)/0.1509(9). The dihedral angles of 7.57(8) ° and 
8.01(8) ° between the major thiophene components and the 
linked quinolinyl groups may partly reflect the limitations of 
the disorder modelling. The dihedral angles between the central 
phenyl rings and its two flanking quinolinyl groups are 8.01(8) 
and 11.25(7) °, producing the net effect of a molecule that is 
more planar than E278-Ph-ST. Packing in E278-Th-ST (Figure 
4) takes the form of another herringbone motif involving 
C−H…π interactions. 

 

Figure 4   Upper, view of a single molecule of E278-Th-ST; 

lower, packing of molecules of E278-Th-ST. S atoms are 

shaded yellow, N blue, C black and H light grey. Only the 

major component is shown for each disordered thiophene ring 

 

3.3 Thermal characterisation 

Differential Scanning Calorimetry (DSC). DSC was carried out 
on E278-ST, E278-Ph-ST, E278-Th-ST, E278-Np-ST and 
E278-PyR-ST.  DSC of the E278-ST derivatives (Fig. 5, also 
see Table 1) show higher melting points than that of the parent 
compound (E278-ST, 246 °C).  The melting point follows the 
order E278-ST < E278-Pyr-ST < E278-Np-ST < E278-Ph-ST < 
E278-Th-ST.  The increase in the melting point is expected as 
aromatic side groups and fused ring systems enhance the 
rigidity of a molecule and thus increases the energy required to 
melt a material.  Further, the higher melting point of E278-Th-
ST (330 °C) compared to E278-Ph-ST (312 °C) could be 
explained on the basis that the former is a planar molecule and 
the latter is not (the phenyl substituent is out of plane) as  
reducing the efficiency of the packing of the crystal structure 
(refer to Figure 3). 

Only E278-Np-ST and E278-Pyr-ST showed glass 

transition temperatures (of 94 °C and 88 °C, respectively) and 

we indeed found them to sublime to produce amorphous 

powders whereas E278-ST, E278-Ph-ST and E278-Th-ST all 

formed crystals on slow sublimation.  

Figure 5   Differential scanning calorimetry of E278-ST, E278-

Ph-ST, E278-Th-ST, E278-Np-ST and E278-PyR-ST; inset 

shows the Tg of E278-Np-ST and E278-PyR-ST 

 
Thermogravimetric analysis (TGA). TGA (Fig. 6) under 
nitrogen shows that all the compounds are stable in air in 
excess of 300 °C.  E278-Ph-ST, E278-Np-ST, E278-Pyr-ST 
and E278-Th-ST are stable up to 400 °C and E278-Th-ST is 
remarkably stable up to 499 °C (weight loss of only 2.5 %).  It 
is important that E278-ST and E278-Ph-ST do not leave behind 
any residues. The compounds are also stable under multiple 
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sublimation purification. 

 

Figure 6   Thermogravimetric analysis of E278-ST, E278-Ph-

ST, E278-PyR-ST, E278-Np-ST and E278-Th-ST  

Table 1 Physical properties of E278-ST and its derivatives 

 

3.4. Optical measurements 

Absorption and fluorescence spectroscopy in solution. The 

derivatives of E278-ST, namely E278-Ph-ST, E278-Th-ST, 

E278-Np-ST and E278-Pyr-ST, were all found to be fluorescent 

both in solution and as thin films produced by vacuum thermal 

evaporation (VTE).  Fig. 7 shows the photoluminescent 

characteristics of the bis(vinyl quinolinyl) benzene derivatives 

under exposure to UV light.  Absorption and fluorescence 

spectroscopy were carried out in chloroform (Fig. 8). 

 

 

 

 

 

 

 

Compound STRUCTURE M.P. (DSC) 
ONSET /OC 

Tg /
oC TGA / % wt 

loss 

Band gap 

/eV 

E278-ST 

 

246 - 400 (0%) 2.70 

E278-Ph-ST 

 

312 - 400 (0%) 2.58 

E278-Th-ST 

 

330 - 499 (2.5%) 2.59 

E278-Np-ST 

 

276 94 400 (0.5%) 2.79 

E278-PyR-ST 

 

266 88 400 (3%) 2.88 
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Figure 7   Emission of E278-ST and its derivatives in CHCl3 

under normal lighting conditions (top) and upon exposure to 

UV radiation (bottom) 

 

 

Figure 8   Absorption and emission spectra of E278-ST (parent) 

and its derivatives in chloroform 

 

Thin film absorption and fluorescence. UV-Vis absorption 

and fluorescence spectroscopy was carried out on thin films 

(thickness approximately 100 nm) produced by vacuum thermal 

evaporation (Fig. 9). All the materials were sublimed without 

decomposition and with no loss of vacuum during evaporation. 

The results are summarised in Table 2. 

 

Figure 9   Absorption and emission spectra of the thin film of 

E278-ST (parent) and its derivatives 

 
The evaporation rate vs temperature plots are shown in Fig. 10. 
The E278-Pyr-ST has the lowest evaporation temperature 
required to obtain similar evaporation rate to Alq3 while all the 
E278-ST derivatives require higher temperature than Alq3. 
 This can be possibly attributed to the large size of the 
pyrenyl group and the consequent diminished intermolecular 
interaction. 
 The photoluminescence (PL) of the thin films (Fig. 9) 
(where the molecules are constrained) are all red shifted (to 
longer wavelengths) as expected compared to the PL of the 
solutions where the molecules are free to move. The red shift 
(λfilm – λsolution) for E278-ST, E278-Ph-ST, E278-Np-ST, E278-
PyR-ST and E278-Th-ST are 16, 105, 91, 56 and 63 nm 

respectively. We attribute these differences in the PL peak 
positions as arising primarily from the substituents effects as 

the peak position of the of the thin films were largely invariant 
of the thickness of the film. 

 

Table 2   E278 series: absorption and fluorescence 

 

 

Figure 10   Evaporation rate of E278-ST, E278-Ph-ST, E278-

Th-ST, E278-Np-ST and E278-PyR-ST compared to the 

evaporation rate of Alq3 

3.5. Electrochemical properties 

Cyclic voltammetry was performed in dichloromethane 
containing the analyte  E278-ST (0.01 mM), E278-Ph-ST (0.5 
mM), E278-Th-ST (0.1 mM) or E278-Np-ST (0.1 mM) except 
for E278-Ph-ST whose CV was also carried out in acetonitrile 
because of its poor solubility in dichloromethane (Fig. 12). 
E278-Pyr-ST was so insoluble in most organic solvents suitable 
for electrochemistry, that its CV could not be performed. 
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Figure 11 Single layer electroluminescent devices of E278-ST, 

E278-Ph-ST, E278-Th-ST (top), CIE x,y colour coordinates 

and the photoluminescence of thin films under 365 nm 

irradiation (bottom) 

Figure 12 Cyclic voltammetry of E278-ST, E278-Ph-ST, 

E278-Th-ST and E278-Np-ST in dichloromethane and also 

E278-Ph-ST in acetonitrile 

 
The supporting electrolyte was tetrabutylammonium 
hexafluorophosphate (0.2 M) in all case. The working, auxiliary 
and reference electrodes were Pt (foil), Pt (wire) and Ag/AgCl 
respectively. The CVs were performed in both the oxidation (0 
to 1.8 V) and reduction (0 to -2 V) regions. The CVs were 
found to be irreversible in both anodic and cathodic scans 
except for E278-Np-ST which gave quasi-reversible peaks in 
the anodic scans (Figure 12).  Since the cathodic cycles were 
found to be irreproducible except for E278-ST, we decided to 
use the anodic scans for the determination of the HOMO levels.  
 The HOMO levels were determined from the equation in 
reference26. 
 
 HOMO or LUMO = - ((E1/2 vs. NHE) + 4.40) eV 
 

where NHE = Normal Hydrogen Electrode. 
 
 The E1/2 values employed here were determined from the 
derivative of the cyclic voltammograms. From the absorption 
band edge of the evaporated thin films, the band gaps of the 
compounds were deduced and then the LUMO levels were 
calculated. 

 The HOMO-LUMO levels of the E278-ST, Ph-ST, Th-ST, 

Np-ST and PyR-ST are shown in Fig. 13 where they are 

compared with the HOMO-LUMO of the hole transporter, α-

NPB and the electron transporter, Alq3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13  HOMO-LUMO energy levels of E278 series 

3.6. Electrical characterisation 

Electron-only single layer devices. The electron-only devices 
(Set A) were fabricated where the anode and the cathode were 
LiF/Al.  Thus, Glass/ITO/LiF /E278-X/LiF/Al where X = ST, 
Ph-ST, Th-ST. Control devices were also made with Alq3 (Fig. 
14). We also fabricated electron-only devices (Set B), 
Glass/ITO/Mg, Ag/E278-X/Mg, Ag/Al where X = ST, Ph-ST 
and Np-ST (Fig. 15). We fitted the current density (Jd) vs. Field 
(E) to diode, Fowler Nordheim and space charge limited current 
(SCLC) models11-12 and found that the data fitted well to the 
SCLC model, but not to others. The conductivity (DC and AC) 
and the permittivity of the materials were measured on 
compacted discs (two probe method) 24. The conductivity of the 
complexes was so low (< 1 x 10-8 S cm-1) that four probe 
measurements could not be carried out 19-23. The data are 
summarised in Table 3. 

 

Table 3 DC and AC conductivity (100 kHz) and relative 

permittivity (compacted discs) 

   

x,y:0.309,0.467 x,y:0.258,0.519 x,y:0.393,0.528 

 

   

         E278-ST E278-Ph-ST E278-Th-ST 

Compound DC 
conductivity 
(σ) S cm-1 

AC conductivity 
(σ) S cm-1 at 

100 kHz 

Relative 

permittivity at 

100 kHz (εr = ε/ε0 

Alq3 5 x 10-13 5 x 10-10 3.06 ± 0.10 

E278-ST 5 x 10-13 5 x 10-10 3.1 ± 0.10 

E278-Ph-ST 1 x 10-13 2 x 10-10 3.2 ± 0.10 

E278-Th-ST 1 x 10-12 5 x 10-10 3.3 ± 0.10 

E278-Np-ST 9 x 10-12 6 x 10-9 3.0 ± 0.10 

Voltage (V vs. Ag/AgCl)

0.0 0.4 0.8 1.2 1.6

C
u
rr
e
n
t 
D
e
n
s
it
y
 (
m
A
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m
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)
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Background
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Figure 14 Electron-only devices, current density (mA cm-2) vs 

field (MV cm-1); Device structure: ITO/LiF (0.5 nm)/E278-

X/LiF (0.5 nm)/Al (75 nm) 

 

 In the case of Alq3 based devices, a negative differential 

resistance (NDR) was observed. This behaviour has been 

observed by ourselves in a large number of devices whether 

they were single or multilayer as has been observed by others39. 

The reason for this behaviour could be attributed to a number 

of factors such as (i). The reduction of Alq3 at the cathode39c  

(ii). Tunnelling effects 39e, (iii). adventitious doping of Alq3 with 

nitrogen during encapsulation in a nitrogen filled glove box, 

generating hopping sites (guest hopping sites, GHS)39d-e. 

Figure 15  Electron-only devices, current density (mA cm-2) vs 

field (MV cm-1); Device structure: Glass/ITO/Mg, Ag/E278-

X/Mg, Ag/Al  
 
 The current density vs. field (Figure 14) for the electron 
only (Set A) devices, ITO/LiF/E278-ST/LiF/Al show that the 
electron injection characteristics of E278-Th-ST was found to 
be best (E278-Th-ST > E278-Ph-ST > E278-ST >>> Alq3) at 
low field, but worst at high field (E278-ST > E278-Ph-ST > 
E278-Th-ST >>> Alq3) but it is still better than Alq3. However, 
the differences are small among the E278 derivatives, but they 
were all significantly higher than Alq3.  

 The devices of ITO/Mg/Ag/E278-X/Mg/Ag/Al (Set B, 
Figure 15), where X = ST, Ph-ST and Np-ST) show current 
injection in the following order: E278-Np-ST > E278-ST > 
E278-Ph-ST at all field strength tested. We observed that 
ITO/LiF/E278-Np-ST/LiF /Al devices were unstable and 
irreproducible while E278-Th-ST was not stable with Mg/Ag 
contact.  It should be noted that the reason for the reduction in 
the magnitude of the current for a given field compared to the 
ITO/LiF/E278-X/LiF/Al devices is due to the fact that the work 
function of Mg/Ag (3.7 eV) is higher than that of LiF/Al (3.4 
eV).  
 It can be deduced that the electron injection characteristics 
should follow the order E278-Np-ST > E278-ST > E278-Ph-ST 
> E278-Th-ST > Alq3 at least at medium and high fields 
employed in OLED devices. 
 Thin film conductivity was determined from the Ohmic 
region (Jd ∝ V) and the mobility was calculated from the space 
charge region (Jd ∝ V2) using the equation1, 32 
 
   JSCLC = (9/8) ε µ V2/d3 
 
where JSCLC = current density in the SCLC region, ε = 
permittivity, µ = mobility,  V = voltage and d = thickness. The 
data obtained from the hole-only and electron-only devices are 
summarised in Table 4. 
 

Table 4 Thin film conductivity, electron and hole mobility of 

Alq3, E278-ST, E278-Ph_ST, E278-Th-ST and E278-Np-ST 

 
 (a) not measured due to device instability 

Hole-only devices. Hole-only devices (ITO/MoO3 (10 

nm)/E278-X (100 nm)/MoO3 (10 nm)/Al (100 nm) were 

fabricated only for E278-ST and E278-Ph-ST (Fig. 16) as the 

other materials were not stable during measurements. A control 

device was also made with α-NPB, a well-known hole 

transporter. We obtained a hole mobility of 1 x 10-5 cm2 V-1 s-1 

for α-NPB consistent with published data.  Table 5 summarises 

the electron and hole mobilities of E278-ST, E278-Ph-ST, 

 Thin film 
conductivity 
(S cm-1) 
from 
electron-
only devices 

Thin film 
conductivity 

(S cm-1) 
from hole-

only devices 

Electron 

mobility 

(µe/cm2 V-1 

s-1) from 

electron-

only devices 

Hole 

mobility 

(µh/cm2 V-1 

s-1) from 

hole-only 

devices 

Alq3 7.5 x 10-10 4.8 x 10-11 4.4 x 10-7 1.1 x 10-8 

E278-

ST 
5.0 x 10-9 1.6 x -10 8 x 10-7 3 x 10-8 

E278-

Ph-ST 
4.0 x 10-8 3.2 x 10-11 3.3 x 10-6 1.7 x 10-9 

E278-

Th-ST 
1.0 x 10-7 (a) 5.5 x 10-6 (a) 

E278-

Np-ST 
7.5 x 10-7 (a) 8 x 10-6 (a) 
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E278-Th-ST and E278-Np-ST. 
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Figure 16  Hole-only devices, current density (mA cm-2) vs 

field (MVcm-1); Device structure: Glass/ITO/MoO3/E278-

X/MoO3/Al 
The hole injection was highest for α-NPB at all the 

field tested.  At low field (E < 1.6 MV cm-1), the hole injection 

current follow the order: α-NPB > E278-ST > E278-Ph-ST and 

at high field (E > 1.7 MVcm-1), the order was α-NPB > E278-

Ph-ST > E278-ST. 

Table 5 Comparison of electron and hole mobilities of Alq3, 

E278-ST, E278-Ph_ST, E278-Th-ST and E278-Np-ST 

 (a) not measured due to device instability 

It is worth noting that the substitution of the phenyl 

group and the consequent twisting of the molecule makes the 

E278-Ph-ST more electron-transporting and less hole-

transporting than the parent E278-ST (Table 5). The thin film 

conductivity measured both under electron only condition and 

hole only conduction are significantly higher than the 

corresponding disc conduction (Table 6).  This is not surprising 

as the molecules orient themselves in films as opposed to discs 

under isotropic compaction.  The anisotropic behaviour (Table 

6) of the films would affect the device performance as well as 

the optical properties19, 33.   

Table 6 Degree of Anisotropy 

 

 

Compound 

σelectron (thin film 

only) / σdisc 

σhole (thin film 

only)/ σdisc 

Alq3 1.5 x 103 9.6 x 101 

E278-ST 1.0 x 106 3,2 x 102 

E278-Ph-ST 4.0 x 105 3.2 x 102 

E278-Th-ST 1.0 x 105 Not available 

E278-Np-ST 8.33 x 104 Not available 

3.7. Light emitting devices 

Single layer light emitting devices. Single layer devices 
(ITO/E278-X/LiF/Al) were fabricated to determine the 
transport properties of the E278-ST, E278-Ph-ST and E278-Th-
ST. The current injection (Fig. 17) seems to follow the order 
E278-ST > E278-Th-ST > E278-Ph-ST although the electron 
mobilities show E278-Th-ST > E278-Ph-ST > E278-ST, but the 
differences in mobilities are quite small. We attribute the 
current injection behaviour in the single layer light emitting 
devices is entirely  
governed by the barrier height on the cathode side12 which is 0 
eV, 0.06 eV and 0.58 eV for E278-ST, E278-Th-St and E278-
Ph-ST respectively. 

Figure 17  Single layer EL devices (ITO/E278-X/LiF/Al; 

where X= ST, Ph-ST and Th-ST) 

 
 The devices were of poor efficiency and the maximum 
luminance achieved was 21 cd m-2.  This is attributed to the 
poor hole injection into E278-X as no hole injector or 
transporter was used. However, it is worth noting that the E278-
X/LiF/Al interface is more effective than Alq3/LiF/Al in terms 
current injection. Further, the free Li formed at the LiF/Al 
interface has no detrimental effect on the E278-X systems2b. 

 Electron mobility 

(µe/cm2 V-1 s-1) 

from electron-only 

devices 

Hole mobility 

(µh/cm2 V-1 s-1) 

from hole-only 

devices 

µe/µh 

Alq3 4.4 x 10-7 1.1 x 10-8 40.0 

E278-ST 8 x 10-7 3 x 10-8 26.7 

E278-Ph-ST 3.3 x 10-6 1.7 x 10-9 1941 

E278-Th-ST 5.5 x 10-6 a NA 

E278-Np-ST 8 x 10-6 a NA 
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Electroluminescent characteristics of ITO/E278-X/LiF/Al. 

The electroluminescent characteristics of the single layer 
devices  

Table 7 Electroluminescent performances of the single layer 
devices for E278-ST, E278-Ph-ST and E278-Th-ST (a) at 1 
cdm-2; (b) at 10 cdm-2 
 
are summarised in Table 7. The performance of the single layer 
electroluminescent devices was poor owing to the lack of hole  
injection and consequent charge injection imbalance. 
Electroluminescence requires the injection of both holes and 
electrons and this is determined by the barrier heights of the 
anodic and cathodic sides. It should be mentioned that E278-ST 
and E278-Th-ST are planar molecules while E278-Ph-ST is not 
(as shown by the crystal structure, see Fig. 3). The turn-on 
voltage follows the barrier presented to the device on both 
anode and the cathode side. 

Figure 18 Energy level diagram of single layer device 
(ITO/E278-X/LiF/Al) 

 
  The EL spectra of E278-Ph-ST and E278-Th-ST were 
almost identical to their respective PL spectra indicating that 
the same excited state is involved whereas the EL spectrum of 
E278-ST is substantially red-shifted compared to its PL and 
featureless. We have established that there is no decomposition 
on evaporation of E278-ST by taking samples from the 
evaporated thin films and carrying out elemental analysis and 
crystal structure where we obtained identical chemical 
composition. Thus, we conclude that the red shift is due to the 
effect of orientation of the molecule on the ITO and hence the 
excited state is different of the E278-X derivatives (Fig 19). 
The difference in the orientation33 could result from the 
evaporation rates employed in the device manufacture (1 Å s-1) 
as opposed to the thin film for PL produced in excess of 50 Å s-

1. 

 
 
 
 
 
 
 

Figure 19 Comparison of the electroluminescent (EL) and 

photoluminescent (PL) spectra of the single layer devices of 

E278-ST, E278-Ph-ST and E278-Np-ST; Device Structure: 

ITO/E278-X (100 nm)/LiF/Al 
 

Figure 20 Energy diagram of tri-layer device, ITO/ZnTpTP (10 
nm)/α-NPB (50 nm)/E278-X (50 nm)/LiF (0.5 nm)/Al 
  
E278-X as an electron transporter in tri-layer 

electroluminescent devices.  
 
In order to increase the hole injection, we fabricated tri-layer 
devices composed of a hole injecting layer and a hole 
transporting layer. The hole injector ZnTpTP and the hole 
transporter α-NPB were employed to enhance the hole injection 
into the emissive layer; ITO/ZnTpTP (10 nm)/α-NPB (50 
nm)/E278-X (50 nm)/LiF (0.5 nm)/Al where the E278-ST, 
E278-Ph-ST and E278-Th-ST act as both emissive and electron 
transporting layer. The hole injector ZnTpTP was used to 
enhance the hole injection and to planarize the ITO surface. α-
NPB acts as the hole transporter. Their performances are 
summarised in Table 8. 

 Cathode side 
barrier /eV 

Anode side barrier 
/eV 

Turn on voltage 

(Vt/V) (a) 

Current efficiency 

/cdA-1 (b) 

Power efficiency /lm 

W-1 (b) 

Colour coordinates 

CIE (x, y) 

E278-ST 0.00 1.3 3.0 ± 0.2 1 x 10-1 2 x 10-2 (0.309, 0.467) 

E278-Ph-ST 0.58 0.62 6.0 ± 0.2 3.6 x 10-2 1.6 x 10-2 (0.258, 0.519) 

E278-Th-ST 0.06 1.14 3.5 ± 0.2 2.7 x 10-3 2 x 10-3 (0.393, 0.528) 
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E278 Ph-ST/ Thin-film PL
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ITO/E278 Ph-ST(100)/LiF90.5)/Al(0.258,0.519)

ITO/E278 Th-ST(70)/LiF(0.5)/Al, (0.393,0.528) 
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Table 8 Electroluminescent performances of the three layer 
devices of ITO/ZnTpTP (10 nm)/α-NPB (50 nm)/E278-X (50 
nm)/LiF (0.5 nm)/Al; where E278-X = E278-ST, E278-Ph-ST 
and E278-Th-ST 
 
 As in the case of single layer devices (namely, ITO/E278-
X/LiF/Al), the EL spectra of E278-ST is significantly different 
from its thin film PL indicating that different excited states are 
involved in the PL and EL. However, as in the case of single 
layer devices, the EL and PL of the E278-Ph-ST and E278-Th-
ST are virtually identical indicating that the same excited states 
are involved (Fig 21). 
 As expected14-15, the introduction of the hole transport layer 
improves the current efficiency of E278-ST, E278-Ph-ST, 
E278-Th-ST by 2.5, 17 and 130 fold. 

 

Figure 21 Comparison of the electroluminescent (EL) and 
photoluminescent (PL) spectra of the three layer devices; 

Device structure: ITO/ZnTpTP (10 nm)/α-NPB (50 nm)/E278-
X (50 nm)/LiF (0.5 nm)/Al 
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Figure 22  Luminance and current density (J) vs voltage plots 
of the devices: ITO/ZnTpTP (10 nm)/α-NPB (50 nm)/E278-X 
(50 nm)/LiF (0.5 nm)/Al 

 

The current density vs voltage plot (Figure 22) shows that the 

current injection is highest for E278-Ph-ST and then E278-ST 

and E278-Th-ST in that order (i.e. E278-Ph-ST > E278-ST > 

E278-Th-ST). The maximum luminance levels achieved for the 

tri layer devices are around 400 cdm-2 as a result of increased 

hole injection compared to the single layer devices for which 

the maximum luminance achieved was only 20 cd m-2. 

 Barrier height with 
α-NPB /eV 

Cathode side barrier 
height /eV 

Turn on voltage 

(Vt)/V (a) 

Current efficiency 

/cdA-1 (b) 

Power efficiency 

/lm W-1 (b) 

1931-Colour 

coordinates CIE (x, y) 

E278-ST 0.80 0.00 4.5 ± 0.1 2.5 x 10-1 1.0 x 10-1 (0.351, 0.505) 

E278-Ph-ST 0.12 0.58 3.7 ± 0.1 6.0 x 10-1 2.7 x 10-1 (0.370, 0.546) 

E278-Th-ST 0.64 0.06 5.2 ± 0.1 3.5 x 10-1 1.2 x 10-1 (0.362, 0.517) 
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Figure 23  Current efficiency vs luminance and power 
efficiency vs luminance plot of the devices: ITO/ZnTpTP (10 
nm)/α-NPB (50 nm)/E278-X (50 nm)/LiF (0.5 nm)/Al 

Electron transporting characteristics of E278-X in red devices 

Red devices were fabricated using Alq3 and rubrene as co-host 
and 4-(dicyanomethylene)-2-i-propyl-6-(1, 1, 7, 7-
tetramethyljulolidyl-9-enyl)-4H-pyran (DCJTI) as the red 
fluorescent emitter. The device performance of the red devices 
(ITO/ZnTpTP (20 nm)/α-NPB (60 nm)/Alq3: Rub: DCJTI 
(30:30:0.7 nm)/ETL (30 nm)/LiF (0.5 nm)/Al) are shown in 
Fig. (25-28) and summarised in Table 9. 
The efficiency improvement by both E278-Ph-ST and E278-

Naph-ST over Alq3 as etl is attributed mainly to their higher 

electron mobility than Alq3. E278-Naph-ST has slightly deeper 

HOMO level than the host Alq3, but the current efficiency 

between the E278-Ph-ST and that of E278-Naph-ST is not 

significant, but E278-Naph-ST gives higher power efficiency. 

We believe that the main mechanism is enhanced electron 

injection rather than any hole blocking property of E278-Naph-

ST. 

 

 

Table 9 Performance data for the red devices. Device structure: 
ITO/ZnTpTP (20 nm)/α-NPB (60 nm)/Alq3: Rub: DCJTI 
(30:30:0.7 nm)/ETL (30 nm)/LiF (0.5 nm)/Al 

DCJ

TI  Rubrene 

 

 

 

 

 

Figure 24 Energy level diagram for device structure: 

ITO/ZnTpTP (20 nm)/α-NPB (60 nm)/Alq3: Rub: DCJTI 

(30:30:0.7 nm)/ETL (30 nm)/LiF (0.5 nm)/Al 

 

 

Figure 25 Current density (linear and log) and luminance vs 

voltage plots for the red device ITO/ZnTpTP (20 nm)/α-NPB 

(60 nm)/Alq3: Rub: DCJTI (30:30:0.7 nm)/ETL (30 nm)/LiF 

(0.5 nm)/Al 

Figure 26 Current efficiency and power efficiency vs 

luminance plots for the red device ITO/ZnTpTP (20 nm)/α-

NPB (60 nm)/Alq3: Rub: DCJTI (30:30:0.7 nm)/ETL (30 

nm)/LiF (0.5 nm)/Al 

 
 Current density vs voltage plots (Fig.  25) show that E278-
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Ph-ST seems to have the most efficient current injection, 
followed by E278-Pyr-ST, then E278-ST. E278-Np-ST  is 
surprisingly less effective in terms of current injection and only 
as good as Alq3. Luminance vs voltage (Fig. 25) follows the 
same trend. However, current efficiency of the devices at 1000 
cdm-2 shows that the efficiency of the devices with E278-Ph-ST 
(4.5 ± 0.1 cd A-1) is comparable to that with E278-Np-ST (4.6 ± 
0.1 cd A-1) despite their differences in the HOMO-LUMO 
levels (Fig. 26). 
 The current efficiency follows the order E278-Np-ST 
=E278-Ph-ST > Alq3 >E278-Pyr-ST > E278-ST.  Power 
efficiency follows the order E278-Ph-ST > E278-Np-ST > 
E278-Pyr-ST > Alq3 > E278-ST (Fig. 26). 

 Turn-on voltage (Vt) for all the E278-X (X= E278-ST, 

E278-Ph-ST, E278-Np-ST, E278-Pyr-ST) derivatives are all 

comparable (2.1 ± 0.2 V, slightly higher than the band gap of 

DCJTi, 2.06 eV) and much lower than the turn-on voltage when 

Alq3 (3 V) was used as electron transport layer.  The operating 

voltage to achieve 1000 cd m-2 follows the following order: 

E278-Ph-ST (6.2 ± 0.1 V) < E278-Pyr-ST (7.2 ± 0.1 V) < 

E278-ST (7.5 ± 0.1 V) < E278-Np-ST (8.0 ± 0.1 V)   = Alq3 

(8.2 ± 0.1 V). 

 
Figure 27 Lifetime plots for the red device ITO/ZnTpTP (20 
nm)/α-NPB (60 nm)/Alq3: Rub: DCJTI (30:30:0.7 nm)/ETL 
(30 nm)/LiF (0.5 nm)/Al at 500 cdm-2 
 
 Lifetime studies (Fig. 27) were carried out on the red 
devices at initial luminance of 500 cd m-2 at constant current 
and voltage drift plots for the same devices (drift voltage 
normalised with respect to Alq3) are given in Fig. 28. 
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Figure 28 Voltage drift plots of the red devices ITO/ZnTpTP 
(20 nm)/α-NPB (60 nm)/Alq3: Rub: DCJTI (30:30:0.7 
nm)/ETL (30 nm)/LiF (0.5 nm)/Al 
 
 The lifetime of only E278-ST, E278-Ph-ST and Alq3 were 
measured. Devices with E278-Np-ST were not stable at 500 cd 
m-2. The half-life of the devices with Alq3, E278-ST and E278-
Ph-ST as etl were found to be 2000 hours, 10000 hours and 
6500 hours. The lifetime of the devices with E278-ST and 
E278-Ph-ST is five times and nearly three times the lifetime of 
Alq3, respectively. 

 Normalised voltage drift after 6500 hours of operation was 

found to be 0.93, 0.58, 0.40 for Alq3, E278-ST and E278-Ph-ST 

as etl indicating that the E278-ST and E278-Ph-ST based 

devices are more stable than Alq3. 

 

 

 

 

Electron transporting characteristics of E278-X in green devices 

DPQA 

 

 

 

Figur

e 29 
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y level 

diagra

 
Vt on /V (a) Vop /V (b) 

CIE (x, y) (b) 
Current efficiency 

η /cd A-1 (b) 

Power efficiency 

η /lm W-1 (b) 

Alq3 4.5 ± 0.1 9.5 ± 0.1 (0.321, 0.649) 11.0 ± 0.5 3.0 ± 0.2 

E278-ST 3.9 ± 0.1 8.5 ± 0.1 (0.291, 0.654) 6.0 ± 0.5 2.0 ± 0.2 

E278-Ph-ST 3.9 ± 0.1 8.6 ± 0.1 (0.297, 0.666) 7.0 ± 0.5 2.3 ± 0.2 

E278-Th-ST 3.5 ± 0.1 8.5 ± 0.1 (0.320, 0.647) 7.5 ± 0.5 3.0 ± 0.2 

E278-Np-ST 3.0 ± 0.1 8.5 ± 0.1 (0.288, 0.670) 12.5 ± 0.5 4.0 ± 0.2 

E278-PyR-ST 3.2 ± 0.1 10.5 ± 0.1 (0.317, 0.651) 11.0 ± 0.5 3.0 ± 0.2 

(a) at 1 cd m-2 (b) at 1000 cd m-2  
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m for device structure: ITO/ZnTpTP (50 nm)/α-NPB (50 

nm)/Alq3: DPQA (50:0.1 nm)/ETL (20 nm)/LiF (0.5 nm)/Al 

 Green devices were manufactured with DPQA as the dopant 

and Alq3 as the host. The device structure was ITO/ZnTpTP (50 

nm)/α-NPB (50 nm)/Alq3: DPQA (50 nm: 0.1 nm)/ETL (20 

nm)/LiF (0.5 nm)/Al (See Fig. 33) where the ETL were E278-

ST, E278-Ph-ST, E278-Th-ST, E278-Np-ST, E278-Pyr-ST and 

Alq3 and their performance are shown in Table 10. 

 The current density vs voltage plot (Fig. 30) reveals that all 

the E278-X derivatives have higher current injection ability 

than Alq3 and the differences among them is small, although a 

trend of E278-Ph-ST > E278-Th-ST > E278-Np-ST > E278-

Pyr-ST > E278-ST > Alq3 can be gleaned. The luminance vs 

voltage plot (Fig. 30) gives a slightly different order, but the 

differences between the E278-X derivatives are small. They all 

have considerably lower operating voltage than Alq3 as electron 

transport layer. 

Table 10 Performance data of the green devices. Device 

structure: ITO/ZnTpTP (50 nm)/α-NPB (50 nm)/Alq3: DPQA 

(50: 0.1 nm)/ETL (20 nm)//LiF (0.5 nm)/Al  

Figure 30 Current density and luminance vs voltage plots of 

the green devices. Device structure: ITO/ZnTpTP (50 nm)/α-

NPB (50 nm)/Alq3: DPQA (50:0.1 nm)/ETL (20 nm)/LiF (0.5 

nm)/Al 
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Devi

ce structure: ITO/ZnTpTP (50 nm)/α-NPB (50 nm)/Alq3: 

DPQA (50:0.1 nm)/ETL (20 nm)/LiF (0.5 nm)/Al at the initial 

luminance of 1200 cd m-2 

Figure 33 Voltage drift plots of the green devices. Device 

structure: ITO/ZnTpTP (50 nm)/α-NPB (50 nm)/Alq3: DPQA 

(50:0.1 nm)/ETL (20 nm)/LiF (0.5 nm)/Al 

E278-X as blue emitters 

Since E278-X are highly blue fluorescent in solvents such as 
dichloromethane,  chloroform and  acetonitrile  as well as in 
thin films, we decided to investigate the properties of  E278-ST, 
and E278-Ph-ST as dopants using 1,3-bis(N-
carbazolyl)benzene (m-CP) as a host. BAlq2 was used as the etl. 
 We fabricated devices of the structure ITO/MoO3 (10 
nm)/α-NPB (40 nm)/mCP: E278-x (50 nm: 1 nm)/BAlq2 (10 
nm)/LiF (0.5 nm)/Al (Fig 34). 

 The EL spectra (λmax, 439 nm) of the devices with E278-ST 

as the dopant overlaps completely with the PL of 2% doped 

E278-ST in m-CP thin films produced by VTE (Figure 35). 

This indicates that the excited state involved the EL is identical 

to that in the PL. The devices emitted purplish blue colour 

(CIE, (x,y): (0.156, 0.112). The current and power efficiencies 

of the devices were 0.4±0.1 cd/A and 0.1 lm/W at 1000 cdm-2 

respectively.  
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Figure 34 Energy level diagram for the device structure: 

ITO/MoO3 (10 nm)/α-NPB (40 nm)/mCP: E278-X (50: 1 

nm)/BAlq2 (10 nm)/LiF (0.5 nm)/Al 

 

Figure 35 The EL spectra of devices where E278-ST is the 

dopant and the PL spectra with 2 % E278-ST as dopant 

 
 mCP   BAlq2 

 The EL spectra of the devices based on E278-Ph-ST is 

similar to that of PL (λmax, 456 nm, shoulder 470 nm), but the 

PL has an additional shoulder at 410 nm, akin to the features of 

the PL obtained from pure (neat) E278-Ph-ST films produced 

by VTE (Figure 36). We therefore conclude that the excited 

states involved in both cases are same. E278-Ph-St devices 

show higher efficiencies (1 cd/A, 0.2 lm/W at 1000 cdm-2), but 

dark blue emission (CIE, x,y: 0.164, 0.186) (Figure 37). We 

believe that the optimisation of the thickness of the hole 

transporter, emissive layer and the dopant level should result in 

higher efficiency. This work is ongoing and will be published 

elsewhere. 

 

Figure 36 The EL spectra of devices where E278-Ph-ST is the 

dopant and the PL spectra with 2 % E278-Ph-ST as dopant 

 

Table 11 Performance data of the blue devices. Device 

structure: ITO/MoO3 (10 nm)/α-NPB (40 nm)/m-CP: E278-X 

(50: 1 nm)/BAlq2 (10 nm)//LiF (0.5 nm)/Al 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37 CIE 
coordinates of 

the EL of the blue 
devices of 
ITO/MoO3 (10 
nm)/α-NPB (40 

nm)/mCP: 
E278- X (50: 1 

nm)/BAlq2 (10 
nm)/LiF (0.5 nm)/Al 
 
 CIE colour coordinate diagram in Figure 36 illustrates the 
colour obtained from the E278-ST (purple blue) and E278-Ph-
ST (blue) devices. 

Conclusions 

 A number of thermally stable, conjugated, blue emitting 
vinylene bis(vinyl quinolinyl)benzene derivatives were 
prepared and three of them were characterised by single-crystal 
X-ray crystallography.  They exhibit blue to bluish-green 
emission (fluorescence and electroluminescence) depending on 
their substituents. We have demonstrated that band gaps, 
HOMO-LUMO levels and the mobilities can be tuned by 
appropriate choice of substituents. Some derivatives namely 
E278-ST, E278-Ph-ST and E278-Th-ST leave no residues on 
vacuum thermal evaporation.  
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 Their effectiveness as electron transporters in red and green 
OLEDs has been explored. The phenyl- and naphthyl-
substituted compounds were found to be superior to Alq3 as 
electron transporters in organic light emitting diodes (OLEDs). 
The electron mobility of the parent molecule and its phenyl-, 
thienyl- and naphthyl-substituted compounds were determined 
to be 8 x 10-7, 3.3 x 10-6, 5.5 x 10-6 and 8 x 10-6 respectively.  
 The dark blue electroluminescence from the E278-ST and 
E278-Ph-ST derivatives opens up an area of colour tuning from 
simple molecular modification. 
 

Supplementary information  

 The 6-substituted 2-methyl-8-hydroxyquinoline was 
synthesised by Suzuki coupling reaction from 6-bromo-2-
methylquinolines and the corresponding boronic acids. 
Bis(vinyl quinolinyl)benzene derivatives were made by 
refluxing benzene-1,4-dicarboxaldehyde (terephthalaldehyde) 
with the 2-methylquinolinyl derivative in acetic anhydride and 
subsequent purification by sublimation. The synthetic details of 
the compounds presented are given in the Supplementary 
Information. 
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