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Abstract 
While the comparatively high MW would make the 
employed molecules extremely difficult to vacuum-
evaporate, and result in poor device performance, the wet-
process has been proven to be quite effective and 
convenient as usual to the fabrication of high-efficiency 
OLEDs composing high MW components. 

 
 

1. Introduction 
 
High-efficiency and Long-lifetime molecular-based 

organic electronics, such as organic light-emitting 
diodes (OLEDs), organic solar cells, or organic 
transistors etc, inevitably demand their constituent 
molecules to be highly thermal-stable. Coupling with 
special needs in molecular design, the resultant 
increasing molecular weight (MW) would eventually 
make the molecules difficult to deposit if via dry-
process, while using wet-process would frequently 
result in undesired relatively poorer efficiency. 

In fact, wet-process is a must requirement for large-
area devices or roll to roll production.1-2 Polymer-
based OLEDs can be fabricated via wet-processes. 
However, polymer materials exhibit disperse 
molecular-weight and are complex to purifty, causing 
the resultant devices to exhibit, frequently a 
comparatively lower efficiency. In contrary, small 
molecular materials possess high electroluminescent 
efficiency, but their low molecular weights will result 
to weak mechanical strength and undermine the film 
integrity and device lifespan. Hence, it is highly 
desirable to develop a molecular material with high 
electroluminescent character to exhibit high device 
efficiency as well as high molecular weight to achieve 
sufficient device robustness. 

In this report, two series of high-MW composing 

OLEDs with relatively high efficiency were obtained 
by using solution-process. For examples, a blue 
OLED with a blue dye doped in a novel high-MW, 
wide band-gap host, 3,5-di(9H-carbazol-9-yl) 
tetraphenylsilane (SimCP2) (Figure 1), yielded 24 lm 
W-1 (38 cd A-1) at 100 cd m-2, and a green OLED 
using a novel high-MW green dye, bis[5-methyl-7-
trifluoromethyl-5H–benzo (c)(1,5) naphthyridin-6-
one] iridium (picolinate) (CF3BNO) (F igure  2) , 
yielded 70 lm W-1 (89 cd A-1). Whilst, their dry-
processed blue and green counterparts yield 1.7 and 
21 lm W-1, respectively. 
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Fig. 1. The molecular structures of the two studied 

hosts, SimCP2 and SimCP. 
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Fig .  2. The molecular structures of the three 

studied guests, CF3BNO, BNO and 
Ir(ppy)3. 
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2. Experimental  
 

The blue OLED consisted of a 125 nm indium tin 
oxide (ITO) anode layer, a 35 nm poly(3,4-ethylene-
dioxythiophene)-poly-(styrenesulfonate) (PEDOT: 
PSS) hole- transporting layer, a 35 nm solution-
processed blue emissive layer of 14 wt% bis(3,5-
difluoro-2-(2-pyridyl)-phenyl-(2-carboxypyridyl) 
iridium (III) (FIrpic) doped in SimCP2, a 28 nm 1,3,5-
tris(N-phenyl-benzimidazol-2-yl)benzene (TPBi) 
electron- transporting layer, a 0.7 nm lithium fluoride 
layer, and a 150 nm aluminum cathode layer. For 
comparison, two other host materials, 3,5-bis(9-car-
bazolyl) tetraphenylsilane (SimCP) and N,N’-
dicarbazolyl-3,5-benzene (mCP), were also studied. 

The green OLED consisted of a 125 nm ITO anode 
layer, a 35 nm (PEDOT: PSS hole-transporting layer, 
a 35 nm solution-processed green emissive layer, a 28 
nm TPBi electron- transporting layer, a 0.7 nm lithium 
fluoride layer, and a 150 nm aluminum cathode layer. 
The employed host for the emissive layer was 4,4’-
bis(carbazol-9-yl)biphenyl (CBP). A series of doping 
concentrations were studied for the resultant blue-
green light-emitting CF3BNO as well as for the two 
comparing counterparts, BNO and Ir(ppy)3. The 
respective doping concentrations for achieving the 
highest power efficiency were 12.5, 10.0 and 12.5 
wt% for CF3BNO, BNO, and Ir(ppy)3. To compare the 
effect of the processing method, CF3BNO-, BNO- and 
Ir(ppy)3-composing devices were also fabricated via 
dry-process. 

 
 

3. Results and discussion 
 

Figure 3(a) shows the current efficiency result of 
the CF3BNO-composing device via wet-process on 
the Commission Internationale de l'Eclairage (CIE) 
diagram, comparing with those of the BNO-, Ir(ppy)3-
composing devices and the previously reported green 
ones via wet-process. The current efficiency versus 
current density of these three devices is shown in 
Figure 3(b). As seen, the CF3BNO-composing device 
via wet-process exhibited the highest current 
efficiency at all applied current densities than other 
wet-processed ones. At lower current density, such as 
10-1 mA cm-2 for example, its resultant current 
efficiency is 89.2 cd A-1, corresponding to a luminance 
of 88 cd m-2. Whilst, the device efficiency was 59.4 cd 
A-1 (62 cd m-2) for the BNO-composing counterpart 
and 41.0 cd A-1 (538 cd m-2) for the Ir(ppy)3-
composing one. At higher current density of 100 mA 
cm-2, the efficiencies show 79.2 (770 cd m-2), 51.2 

(488 cd m-2) and 29.8 cd A-1 (3,503 cd m-2) for the 
CF3BNO-, BNO- and Ir(ppy)3-composing device, 
respectively. These results indicate that the CF3BNO 
would have high potential for display and lighting 
applications. The discussion on the high resultant 
efficiency of the CF3BNO-composing device will be 
mentioned later. 

Figure 3(c) also shows the current efficiency results 
of the green OLEDs composing the novel blue-green 
dye CF3BNO and the two other comparing ones, BNO 
and Ir(ppy)3, via wet- and dry-processes. Amongst, the 
CF3BNO-composing device via wet-process exhibited 
the highest current efficiency, which was 89.1 cd A-1 
at 100 cd m-2 with CIE coordinates of (0.22, 0.51). In 
contrast, the same CF3BNO-composing one via dry-
process exhibited much lower current efficiency of 
35.3 cd A-1. The reason why the dry-processed device 
had exhibited lower device efficiency may be 
attributed to the high molecular weight (869 g mol-1) 
and low decomposition temperature (290 °C) 
characters of CF3BNO, which would make it difficult 
to be vacuum-evaporated, leading to a graded EL 
structure that restrains the carrier-injection and -
transport and hence the low device efficiency. 3 
Similarly, the BNO-composing device exhibited a 
current efficiency of 61.3 cd A-1 via wet-process, but 
only 41.1 cd A-1 via dry-process. The high molecular 
weight (733 g mol-1) and low decomposition 
temperature (222 °C) of BNO would also make the 
film of BNO difficult to form via vacuum-evaporation. 

 Contrarily, Ir(ppy)3 had a comparatively lower 
molecular weight (655 g mol-1) and a much higher 
decomposition temperature (395 °C), both of which 
make it much easier to be vacuum-deposited without 
damaging its molecular integrity. This would in turn 
result in a high efficiency for devices fabricated via 
dry-process, as typically observed. Indeed, the dry-
processed Ir(ppy)3-composing device exhibited 
efficiency of 49.5 cd A-1, while 35.2 cd A-1 for the 
wet-processed counterpart. 
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Fig. 3. Power efficiency results of the CF3BNO-

composing device via wet-process on the 
CIE diagram, comparing with those of the 
BNO-, Ir(ppy)3-composing devices and the 
previously reported green ones via wet-
process. The inset shows the power 
efficiency with respect to brightness of the 
CF3BNO-composing devices via wet- and 
dry-processes, comparing with those of 
BNO- and Ir(ppy)3-composing devices. 

 
 

For the SimCP-composing devices, it is surprising 
to see that the resultant power-efficiency was nearly 
the same for those via dry- and wet-processes; it was 
10.8 lm W-1 from the dry-process and 10.4 lm W-1 
from the wet-one. The reason why the SimCP-
composing device fabricated via wet-process showed 
a power-efficiency comparable to that via dry-process 
may be attributed to SimCP having a high Tg,  10
1 °C, which should enable the resultant film to keep 
its film integrity throughout the entire fabrication 
process, especially upon solvent removing. This may 
be evidenced by its atomic-force microscopic (AFM) 
image shown in Figure 4. As seen, the resultant wet- 
and dry-processed films are smooth. These results 
indicate that a high Tg host material could be 
fabricated via dry- or wet-process to show a stable 
morphology, hence to favorably obtain a highly-
efficient OLED. 

Interestingly, morphological stability had played an 
even more pronounced effect on the efficiency results 
of the SimCP2-composing devices. That is that the 
dry-processed SimCP2-composing device exhibited 
only 1.7 lm W-1 efficiency, while the wet-processed 
counterpart exhibited a power-efficiency of 24.2 lm 
W - 1 , as mentioned earlier. SimCP2 exhibited the 
highest Tg among all. Its Tg was 144 °C. This high Tg, 
again, would ensure the film integrity in the wet-

process, which would, in turn, ensure that the 
outstanding electrical characteristics of SimCP2 were 
able to fully perform in the resultant device efficiency. 
The high morphological stability and outstanding 
electrical characteristics explain why the solution-
processed SimCP2-composing device exhibited the 
highest power-efficiency among all the devices 
studied herein. Moreover, this efficiency is also the 
highest among all blue OLED devices ever studied. 

However, the efficiency exhibited by the dry-
processed SimCP2-composing device was far too low, 
even lower than that of the dry-processed SimCP 
counterpart, especially by realizing that the electrical 
characteristics of SimCP were much poorer than those 
of SimCP2. This very poor efficiency performance 
may be attributed to its relatively high molecular 
weight, which is 997 g mol-1. Whilst, the molecular 
weight is 666 g mol-1 for SimCP and 406 g mol-1 for 
mCP. The relatively high molecular weight would 
make SimCP2 very difficult to vacuum-evaporate. As 
also indicated in a preliminary nuclear magnetic 
resonance characterization, the SimCP2 molecules 
seem to decompose upon vapor-deposition. This may 
explain why the dry-processed SimCP2 device 
exhibited a very low power-efficiency. This finding 
may as well provide an insight to suggest that some 
previously developed molecular-based OLED 
materials, especially for those with high molecular 
weight, may be able to yield a much better efficiency 
than measured if solution process is employed in the 
device fabrication. On the other hand, if solution-
process is preferred in fabricating a low Tg OLED 
material, much improved drying process, such as 
freeze-drying or vacuum-drying at low temperature, 
would be needed so that the resultant device may 
yield an efficiency as well as that via dry-process. 
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Fig. 3. Atomic-force microscopic (AFM) images of 

the surface topology of the SimCP- and 
SimCP2-composing films via wet-process. 
For comparison, that of the SimCP-
composing one via dry-process is shown. 
These films doped with 14 wt% blue dye 
FIrpic are prepared on the PEDOT: PSS-
coated ITO substrate. 

 
 
TABLE I. Electroluminescent characteristics of the 

SimCP2-composing device, comparing 
with those of the SimCP-composing 
counterparts.  
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[a] The driving voltage (Vd) described is defined as 
the voltage at which the luminance is equal to 10 cd 
m-2. 
[b] The corresponding luminance was 100 cd m-2 for 
the data of power-efficiency, external quantum 
efficiency (EQE) and CIE 1931 (x, y) chromatic 
coordinates shown here. 
[c] The corresponding doping concentration of FIrpic 

for achieving the highest power-efficiency for the 
SimCP2-composing device was 14 wt% if fabricated 
via wet-process. For comparison, the doping 
concentrations of FIrpic for the other two devices via 
wet-process were fixed at 14 wt%. 
[d] The corresponding doping concentrations of FIrpic 
for achieving the highest power-efficiency were 7 
wt% for all the three devices fabricated via dry-
process. 

 
4. Summary 

 
While the comparatively high MW would make the 

employed molecules extremely difficult to vacuum-
evaporate, and result in poor device performance, the 
wet-process has been proven to be quite effective and 
convenient as usual to the fabrication of high-
efficiency OLEDs composing high MW components. 
The successful demonstration may as well be 
extended to other organic devices that have composed 
or should compose high MW molecules. Moreover, 
the finding of the new door for molecular-based 
organic electronics to be highly efficient and 
thermally stable by using solution-process may also 
provide a new opportunity to re-investigate numerous 
previously reported organic materials, especially of 
high MW, that were dry-process fabricated and 
showed performance poorer than expected. 
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