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Studying “purpose applications of a specific material is a challenging topic in organic

electromci comgunity. In this work, through molecular engineering and smart device

structure ‘:rategy, high performances in transistors and thin film display devices have

been sim sly achieved by applying a simple new dye molecule, naphthalene flanked

diketop ole (DPPN), as the active layer material. Short alkyl chains (hexyl or octyl

side groups for HF-DPPN and O-DPPN, respectively) are adapted to improve the hole mobility
in organic thin film transistors (OTFTs) and single crystal transistors (SCTs). Specifically, H-

DPPN shows a similar hole mobility in either OFETTs or SCTs, while O-DPPN exhibits a
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dramatically enhanced mobility, reaching 0.125 em® V' s in SCTs. Additionally, a smart
organic light emitting diode (OLED) device is designed by using DPPN molecule as the
dopant wi st matrix. The promising external quantum efficiencies (EQEs) of 4.0% and
2.3% are r H-DPPN and O-DPPN fabricated OLEDs. Overall, in this work, it is
N . : : .
reported tgt DPP-based small molecules can simultaneously function well in both transistors
and thin fj gplays with high device performances through molecular and smart device
engineering:

92,

Introduction

Diketopyﬁ(‘ﬂe (DPP) derivatives have proven to be an important class of high-

performa ic semiconductors that can be used as active materials in various types of
electronicm[”] As representative examples, the power conversion efficiency (PCE) of
organi aic (OPV) devices have reached more than 12% by using some DPP
derivatives active layer materials.' * In DPP semiconductors for organic thin film

1

transistors (OTFTs), impressive hole mobilities exceeding 10 cm® V' s' have been

demonstrid.“] Recently, DPP materials are being exploited in more applications like
OLEDs, s hotodetectors, and memory devices.™ ') Flanking groups substituted at
the 3- and@ui;n of the DPP core play significant roles in the optoelectronic properties of
resultant gterials.[lg] Flanking moieties such as thiophene, furan, selenophene, thiazol,
thienochenyl and pyridyl groups have been reported.!"” ! Thiophene flanked DPP
(DPPT) is@he most promising building blocks to construct high-performance materials
for both OT d OPVs. We previously reported the polymer, PDPP-TNT, consisting of
DPPT a hthalene.”" **! The introduction of conjugation-extended naphthalene
promoted strong intermolecular interactions and resulted in favourable m stacking between

polymer backbones. Thus, a high hole mobility of ~1.0 cm® V™' s was observed in OTFTs

This article is protected by copyright. All rights reserved.
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and a promising PCE of 4.7% was obtained in OPVs as donor mixing with PC;BM.
Simultaneously achieving high performance in both OPVs and OTFTs is feasible, because
the good ¢ carrier transport for a molecule is also a beneficial factor for improving both
the short- ent (Jsc) and fill factor (FF) when it is used in active layer of OPV
device;zEddition to DPPT, other DPP derivatives based semiconductors also
successfullypdemgnstrated high performance in electronic devices.!**2¢

It wu mentioning that phenyl flanked DPP (DPPh) has been proven to be a great
choice of WCent material for OLEDs and related applications.!"” One reason making
DPPh a promisiyg molecule is that the dihedral angles between the phenyl groups and the
DPP core imated to be around 40°) to some extent weaken the m stacking which
minimizeﬁ

uorescence quenching in solid state.?”) Recently, we reported novel

naphthalemed DPP (DPPN) with different alkyl chains as a new member in the DPP

[28]

family, red with five- or six-membered ring DPPs, the fused aromatic ring of

naphthalene ed in a more extended m-conjugation leading to a larger intermolecular
orbital overlap and thus facilitated the charge transport. Our primary attempt has
demonstrid that n-decyl substituted DPPN (D-DPPN) monomer showed the highest hole
mobility Q em” V' s in OTFTs as the active semiconductor directly, without any

further func ization. It is believed that there is still room to further improve the mobility

by decredSing the length of side chains. Moreover, shorter chains substituted DPPN

h

[

monom re suitable for growing single crystals, which prompted us to study their

intrinsic charge @arrier transport behaviour by fabricating single crystal transistors (SCTs).

U

Naphthalene mmon acene type of benzene derivative that has been proven to form J-

aggregati lid state, can be used as a building block in materials that can retain efficient

A

emission and thus lead to high photo-luminescence quantum yield.””) Our DPPNs were
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observed to show strong luminescence under a laboratory lamp thus could be also promising
in related devices like OLEDs.

#’ork, n-hexyl and n-octyl alkylated DPPN compounds, H-DPPN and O-
DPPN, wazed and their thermal, optical, and electronic properties were studied.
The hoﬂ: ngty of OTFTs was further enhanced by decreasing the length of side chains to
n-octyl (Og9P but dropped then for shorter n-hexyl H-DPPN. Moreover, single crystals
for both nQ were successfully grown and the fabricated SCTs indicated their high
intrinsic h@porﬁng property. Due to the strong luminescence feature under laboratory
UV light, we alSg fabricated OLED devices by using H-DPPN and O-DPPN as the dopant
mixed wit is(4-carbazoyl-9-ylphenyl)amine (TCTA) host and achieved promising
performaﬁ EQEs of 4.0% and 2.3% respectively. It is well known that compact
packing Mules can induce strong and plentiful intermolecular interactions that
genera ilitate charge transport in OTFTs. However, the interactions will also quench the
solid-state 1 cence, which makes it difficult to achieve both high mobility in OTFTs
and high EQE in OLEDs. Nevertheless, in our current scenario, we have achieved high
performarg in both OTFTs and OLEDs via smart device and molecular engineering
approacher the first report of novel flanking group naphthalene attached DPP based
small mole , which can simultaneously function well in several different electronic
devicesi ag the afforded high performance is encouraging for the future advancement of
organicws.

-
Results and_Dis€ussion
Our prﬂgr‘[ on DPPNs has demonstrated that a linear and short side alkyl chain

enhances charge carrier mobility; in particular, the obtained hole mobility was higher.*® We

perform a systematic study to investigate this type of material further, in particular, to find

This article is protected by copyright. All rights reserved.
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the most suitable side chains for this series of DPPN compounds. In this work, we
continuously shorten the side chains to synthesize n-hexyl and n-octyl substituted DPPN

based sma ecular materials namely H-DPPN and O-DPPN. Besides, both materials are

pt

expected satility for use in various electronic devices considering the structural

[
advantagegs 1) higher hole mobility is expected according to our previous report; ii)

[

monomersgwithmghort side chains are more feasible to grow single crystals, being beneficial

G

for SCTs tion; iii) as an analogue of DPPh, H-DPPN and O-DPPN solutions were

observed

S

hly fluorescent under the laboratory UV lamp (Figure S1), demonstrating

their potential iIMYOLEDs. As per our previous report, the synthetic route to H-DPPN and O-

U

DPPN is sh in Figure 1a.% The alkylation of NH-DPPN was performed in the presence

[

of n-hexy, ctyl bromide, respectively, at 120°C in dimethylformamide (DMF) with

anhydrou um carbonate (K,COs) as the base. The purity and structures of H-DPPN

d

and O ¢ characterized with 'H, ’C NMR spectra, and high-resolution mass

spectrometr S).

Author M
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Figure 1. synthetic route to H-DPPN and O-DPPN. (b) UV-vis absorption spectra of
H-DP PPN in both chloroform solutions and thin films. (¢) Photoluminescence

(PL) spectra of H-DPPN and O-DPPN in chloroform solutions. (d) Photoelectron
spectroscoﬂr (PESA) measurements of H-DPPN and O-DPPN films.

The the r@ etric analysis (TGA, Figure S2a) indicated that both H-DPPN and O-
DPPN appear ossess excellent thermal stability with the decomposition temperature (7,
5% weﬁf 340°C and 348°C, respectively. These values are high enough to perform
annealiwer thermal processing required for devices fabrication. The differential
scanning calori§try (DSC, Figure S2b-d) demonstrated that small variation in side chains
on DPPN matic influences on their crystallinity. H-DPPN undergoes a classic melting
transition a °(C (91.22 J/g) and a crystalline transition at 102 °C (72.74 J/g). However, O-
DPPN shows a different behaviour in that an endothermic peak at 119 °C followed by a cold
crystallization at 125 °C (18.96 J/g) was observed before the material was completely melted

This article is protected by copyright. All rights reserved.
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at 147 °C (79.80 J/g). This feature is an indication of the melting and secondary

recrystallization of the amorphous area. The crystallinity peak is observed at about 84 °C

with enth

I ) : .
Ths UV-vis absorption spectra (Figure 1b) of both compounds in solutions are well

during cooiﬁ' rocess with the enthalpy of 29.59 J/g. The original DSC analysis labelled

re present in Figure S3 in Supporting Information.

overlappedgdluegg the similar molecular backbone and the absence of interchain interactions.
This obse has also been confirmed by density functional theory (DFT) modelling
where bowmes exhibit the same visible peak position (503 nm, Figure S4a). The
measured absorpion maximum in solution is located around 487 nm, which is attributed to
the intramo charge transfer (ICT) from naphthalene to the DPP core. This peak was
red-shifte and 503 nm for H-DPPN and O-DPPN thin films, respectively, due to the

moleculation. In thin films, both materials only exhibit H-aggregation which

follow end to that observed in our previous work, namely, that the shorter the side

chains, the st r the H-aggregation./®! After annealing the thin films at 100 °C and 130 °C

for 10 mins (Figure S5a-b), the J-aggregation of H-DPPN has been enhanced, whereas for

O-DPPN, ot only the J-aggregation was enhanced after 100 °C annealing, an extra

absorptiov@nd a red-shifted spectrum are observed. After annealing at 130 °C, the
W

spectrum ack to the dominant H-aggregation, but the red shift remains the same. This

9

phenomen®n is consistent with the DSC analysis, since the secondary recrystallization of the

L

amorph O-DPPN promoted further aggregation and caused the change from J- to

H-aggregation. The bandgaps of both compounds are calculated from the onset of thin film

Ul

spectra (559 65 nm for H-DPPN and O-DPPN, respectively) to be 2.22 and 2.19 eV. In

A

solutions, aterials show a strong PL emissive peak at 558 nm (Figure 1¢ and Figure
S5c¢). In thin films, aggregation caused quenching was observed for both materials with a

dominant emissive peak at 388 nm and 422 nm for H-DPPN and O-DPPN, respectively,

This article is protected by copyright. All rights reserved.
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under excitation wavelength of 325 nm. Upon exciting at 502 or 503 nm, both compounds

exhibited weak emission with a peak located at around 610 nm (Figure S5d).

{

The_highest occupied molecular orbital (HOMO) energy levels are determined

through p spectroscopy in air (PESA) measurements to be -5.40 and -5.39 eV

(28]

. I . . .
respectively as shown in Figure 1d. In our previous publication,"”™ we observed that the side

chains on PRI can have a significant influence on the energy levels (despite of same

G

conjugate one) due to the different solid state stacking, which is supported by the

S

significan oud variation. However, for H-DPPN and O-DPPN, the HOMOs are only

slightly changed§This can be further confirmed from the similar colour appearance of both

u

compounds e similarity of the absorption spectra in solutions and thin films. The lowest

1

unoccupi ular orbital (LUMO) energy levels are estimated from the difference

between gpti ndgaps and HOMOs to be -3.18 and -3.20 eV for H-DPPN and O-DPPN,

d

respectj

DFT ations were employed to investigate the electronic structure and molecular
geometry of H-DPPN and O-DPPN. As shown in Figure S6, both molecules have same
HOMO i LUMO distributions, which are found to be localized at the completely
molecular@ne that can be beneficial to facilitate the intramolecular charge carrier
transport. mputed molecular HOMO levels are -5.35 eV for both molecules, which is
in an excdllent agreement with the experimental results. The calculated bandgaps (2.62 eV)
and LIH3 eV) values are higher than the experimental values which could be
attributed Ect that the measured onset of optical absorption is affected by vibrational
broadening whi®the computed levels are at the equilibrium geometry, as well as errors due
to approx s used. The optimized backbone conformation indicates the same dihedral

angles of 37° and 31° for both molecules (Figure S6). Since both H-DPPN and O-DPPN

solutions have shown strong fluorescence under a UV lamp, the relatively large dihedral

This article is protected by copyright. All rights reserved.
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angles can, to some extent, restrain the emission quenching effect in solid state,
demonstrating their promise for application in OLEDs.

Topﬁ bottom contact (TG/BC) OTFT devices were fabricated to evaluate the

electrical of newly synthesized H-DPPN and O-DPPN semiconductors. The

N . , o o
representaSve device schematic and transfer curves after annealing at 100 °C or 120 °C are

shown in mw and Figure 2a-b. The hole mobility values (u), threshold voltage (Vi,),

subthresho ng (SS) and on/off ratio (/,n/los) extracted from transfer curves at the

S

saturation re summarized in Table 1.

Table 1. Summagy of TG/BC structured OTFT device performance.

¥

LR <107 e x10% SS Van Ton/Lotr
Material
°C (cm*V'sh)  (em?V's?)  (V/Dec) V) (x10%)
1 0.66+£0.27 1.02 0.95+020 20.124.1  0.43+0.49
2 0.23+0.19 0.61 0.77£0.17  23.5+1.8  0.54+0.63
O-DPPN 100 4.29+1.38 5.03 470£1.0 -89+42.6  0.63+0.13
0.04+0.06 0.16 5.6245.60  -- 0.13+0.27

Author
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Figure sfer curves of OTFTs based on (a) H-DPPN and (b) O-DPPN thin films.
Transfe%of SCTs based on (c) H-DPPN and (d) O-DPPN crystals with the

corresponding optical device structure images in the insets. Optical images of (¢) H-DPPN
and (f) O—ﬁmgle crystals. X-ray determined unit cells of (g) H-DPPN and (h) O-DPPN
crystals.

It was at the devices annealed at 100 °C exhibited better performance with a highest
hole mobility of 0.01 cm® V' s for H-DPPN and 0.05 cm® V' s for O-DPPN. This

performance is better than some reported alkylated thiophene DPP monomers in solution

This article is protected by copyright. All rights reserved.
11



processed thin film transistors as compared in Table S1.°'! When the thin films were
annealed at 120 °C, the mobility decreased to 0.006 and 0.001 cm® V' s™, respectively. By
comparing awith our reported compounds, O-DPPN was observed to show the best
performavaPN shows an even worse mobility than D-DPPN (0.019 ¢cm® V' s
h [28] Fr-or!mlarized microscopic images shown in Figure S8, it is clear that the films of
both mategals @gsily form large crystalline domains, which is beneficial for charge carrier
transport. Qr, the H-DPPN film has many defects while the O-DPPN film is smoother
that contrw the higher hole mobility. Upon annealing at 120 °C, the defects become
more obvaH-DPPN film which caused a decreased hole mobility, while the crystal
domains di change much, that is consistent with the high melting point >160 °C
observed ﬂ DSC curve. From the AFM (atomic force microscope) images of H-DPPN
and O-D@S annealed at 120 °C, similar phenomenon is observed as shown in Figure
S9. Fo PN film, the crystal domains were broken, and a cullet-shaped film was
observed. A 0 °C annealing, the amorphous area experienced melting process, which,
we assume, caused the broken of crystalline regions of O-DPPN films. This phenomenon can
easily cau%nnection along the conducting channel and thus result in a large decrease in

mobility. @mcmre, defects, and domain walls are thus critical determinants of mobility

in these ma s. Computed estimates of charge transfer rates (see Supporting Information)

h

also point critical role of domains and microstructure: while the computed single crystal

charge e 1s higher for H-DPPN than for O-DPPN, the packing of H-DPPN favours

f

one-dimensional hopping pathways, while the packing of O-DPPN favours two-dimensional

U

pathways (Fi S10). The low-dimensional hopping paths imply strong dependence of the

measure

A

te on crystal domain size, whereby domain boundaries are expected to be a
significant bottleneck to transport in particular because ideal crystal transport is low-

dimensional. The grain boundaries are expected to be a more significant bottleneck in H-

This article is protected by copyright. All rights reserved.
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DPPN due to one-dimensional transport in the ideal crystal, explaining the better measured
mobility with O-DPPN.
To1i igate the intrinsic charge transport behaviour, transistor devices based on H-

DPPN or ingle crystals were fabricated. By drop-casting a H-DPPN (0.1 mg/mL)

N
solution i!chlorobenzene on bare Si/SiO, wafer and after solvent evaporation, well-defined

ribbon-shagstals were grown in three days (Figure 2e). Since ill-defined clusters of O-

DPPN wer n in chlorobenzene, we screened the solvent species and used a mixed

solvent (an:ethyl acetate = 1:2) to grow ribbon-shaped crystals (Figure 2f) by drop-

casting method .05 mg/mL). The optical images of H-DPPN and O-DPPN single crystals

are also ;ﬁ- Figure S11 with a same scale plate for better comparison. The single

crystals ealed in vacuum at 80°C to remove residual solvent before devices

fabricatio and source electrodes (40 nm) were deposited on H-DPPN and O-DPPN

[32

| evaporation of a gold film with the “Au stripe mask”."* The transfer

curves and 1 images (insets) of fabricated devices are shown in Figure 2c¢c-d. The

saturationmof the transfer characteristics, the mobility is calculated by linear fitting of
the depen® (IDS)” % vs. V5. The mobility of the best devices for O-DPPN crystals is up
to 0.125 cm s'l, over ten times higher than that of H-DPPN crystals. The o/l ratio of
the best d&';e for O-DPPN crystals was measured to be 10°, five orders of magnitude higher
than thHPPN crystals. These results further demonstrated that O-DPPN crystals
exhibit m@r charge transport behaviours compared with H-DPPN.

To understand the difference between single crystals for H-DPPN and O-
DPPN,{ H-DPPN and O-DPPN single crystals as shown in Figure S12. Their
structures and unit cells were determined through X-ray diffraction as shown in Figure S13

and Figure 2g-h. H-DPPN and O-DPPN crystallise in the space groups P2,/c and P2;/n,

This article is protected by copyright. All rights reserved.
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respectively. In the crystal structure of H-DPPN, the molecules stack in one-dimensional
chain, with the principal interaction being an offset face-to-face m-m interaction between
adjacenhne units (3.278 A). In the O-DPPN crystal structure, chains of stacked O-
DPPN m ical offset 2.760 A) interact with adjacent chains via weak naphthalene
CH-n Ettm (3.808 A) between neighbouring naphthalene units. CH-7 interactions
(2.695 A) observed between naphthalene rings and adjacent alkyl chains. Obviously,
the favour: ackbone stacking in Figure 2h for O-DPPN crystals explained its higher
mobility w The comparison of single crystal data of H-DPPN and O-DPPN with
thiophene,sﬁohene, and phenyl DPPs (with hexyl side chains) indicate that DPPN

compounds t a much closer © stacking than other DPP derivatives as compared in

Table S1 is a much favourable feature for intermolecular charge carrier transport.
We also p@ large-scale calculations on crystals and clusters of H-DPPN and O-DPPN

ect of solid-state packing on electronic properties. First, density functional

tight bindin B) and time-dependent DFTB (TD-DFTB) were benchmarked to DFT and
TD-DFT 1n single-molecule calculations. The results are given in Table S2 and Figure S4,
showing tst while (TD)-DFTB results in somewhat different values of the HOMO, LUMO

energies, Q and the visible absorption peak (as is expected given that the DFTB
riz

paramete 1s based on GGA calculations), it can be used for qualitative assessment and

h

is reliabl r _comparison between the two molecules and between different molecular

environ ! therefore compared properties computed in periodic crystals and clusters

|

to those of the ma@lecules.

G

A
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(b)

(d)

w w

Figure
(c) O-DPPNC

omputed unit cells (delimited by the box) of crystalline (a) H-DPPN and
cular clusters of (b) H-DPPN and (d) O-DPPN.

The unit cells of H-DPPN and O-DPPN crystals are shown in Figure 3a and 3c.
EXperime“ctures were used as a starting point of optimizations. Clusters were cut
preserving @ timized geometry of the periodic calculation (Figure 3b and 3d). The
DFTB-optigai ell parameters are given in Table S3. As TD-DFTB calculations had to be
done vﬁoint, a supercell with 10 molecules was then optimized for O-DPPN to
make FpHulations sufficiently accurate (for H-DPPN, the unit cell is big enough for a
I' point ¢ n). The calculated HOMO, LUMO values and the gap for crystals and
cluster<!E shown in Table S2. For crystals, they show stabilization of the HOMO about
0.3 eV for H-D and approximately 0.4 eV for O-DPPN. The band gap becomes about 0.3
eV lower in H-DPPN vs. O-DPPN, while the HOMO-LUMO gap is practically the same at

the single-molecule level. While the absolute values of HOMO and LUMO in periodic
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systems are generally not directly comparable to molecular levels, changes in the gap are

comparable and indicate stronger effects of aggregation on the gap with H-DPPN. The cluster

calculations It in higher HOMO values vs. single molecules, by 0.2-0.3 eV. They confirm
the decreaa

p in H-DPPN vs. O-DPPN due to aggregate state effects, by 0.36 eV,
similar toshe results of the periodic calculations. Both periodic and cluster calculations
indicate a@ (approximately 0.1 eV) lower HOMO of O-DPPN in solid state vs. H-
DPPN eve gh molecular HOMO are nearly identical. The calculations also clearly
conﬁrme(W\acking between naphthalene for O-DPPN, while H-DPPN tends to stack
parallel.

(10,27

A ﬁf DPP molecules is gaining significant importance in OLED technology

because o igh fluorescent quantum yield, thermal and photostability. I n the present
study, H-md O-DPPN were used to fabricate yellowish orange OLED by using cost-

rocessing. Specifically, the device structure is shown in Figure S14 where

PEDOT:PSS ployed as a hole injecting and transporting layer (HIL/HTL), the emissive
layer (EML) 1s composed of TCTA host doped with 2wt% H-DPPN or O-DPPN orange
emitter, I!Ei is used as an electron transporting layer (ETL), and LiF/Al acts as a cathode.
The ener diagram of all used materials is shown in Figure 4a. The J-V curve as
shown in 4b exhibits well-defined diode characteristics, revealing that the fabricated
OLED belayes as a rectifying device. The forward bias current for both devices rises with the
increasm bias voltage, however, the reverse bias current remained significantly low

(not shown in J-Rcurve), suggesting both OLEDs act as rectifying diodes. The rapid increase

Gl

in forward-bi urrent is observed for O-DPPN based OLED, implying a small sheet

resistance device, whereas H-DPPN OLED has a high sheet resistance.
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16



(a) (b)

Lt
w

£ 400 -=H-DPPN
—e-O-DPPN

HIL/HTL
PEDOT:PSS

LiF/Al
43

ETL (TPBI)

ITO

52

o
=

6.2
Guest: . L . . . . . . .

H-DPPN (3.18, 5.40) O-DPPN (3.20, 5.39)

Voltage (V)
c T M T T T T T T d T T T
(c) 10' 7 (d) 100F )
-=- H-DPPN
g -e- O-DPPN
&
€ .o £
3 10 1 = 10} .
> —= H-DPPN é
3! -e- O-DPPN g
2 10% j o
£ g '
- [}
a
10'— : : : ‘ : : :
2 4 6 8 10 10 100 1000 10000
Voltage (V) Luminance (cd/m?)
e . . . . ; ;
© oo 1 @ 1.0} .
-= H-DPPN
< - O-DPPN sl —_H-DPPN
B : — O-DPPN
< -
> L g 3 L i
% 10 3 0.6
— >
e G 04t 1
L 5
Il i Eoz2f |
5
&) J 0.0t . : . . s
10 100 1000 10000 400 500 600 700 800
Luminance (cd/m?) Wavelength (nm)
Figure 4. rgy level diagram of studied OLED device. (b) Current-voltage (J-V), (¢)
luminance, (d er efficiency, and (e) current efficiency of studied OLED devices based

on TCTAhost dgped with 2wt% H-DPPN or O-DPPN molecules. (f) Electroluminescence
(EL) spec e fabricated OLED devices at 100 cd/m?. Inset picture is the photograph of
the wo DPPN based OLED device.

The difference in high forward bias current is attributed to differences in charge carrier

mobility of the corresponding molecules.”*! From the OTFTs and SCTs study, it is confirmed
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that O-DPPN possesses a higher mobility compared to H-DPPN. The influence of hole
mobility is vividly observed in OLED device turn-on voltage as shown in Figure 4¢ which is

the plot o inescence vs. applied voltage. The O-DPPN based OLED requires a 3.0 V to

pt

emit 10 ¢ escence, whereas to get the same luminescence, 3.8 V is needed for H-

[
DPPN emaiter OLED (0.8 V more). However, the power efficiency obtained for H-DPPN

I

OLED is 88 1 which is 27% higher than that of O-DPPN (6.5 Im/W) based device at 100

G

cd/m? (Fig and a similar trend is noticed for current efficiency (Figure 4e). Table 2

S

details el lumhinescent properties of the fabricated OLEDs. The maximum power

efficiency, currcht efficiency, and EQE were found to be 8.3 Im/W, 11.8 cd/A, and 4.0%,

U

respectivel 0 nits, for the H-DPPN based OLED. The overall performance of the H-

A

DPPN O isgsuperior to the O-DPPN counterpart, except the maximum luminance. To

emphasizgith@ adyantage of DPPN compound in OLEDs, we compared the EQE values with

a

other tives (Table S1). Also as the dopant for a host material, the device
fabricated wi PC (4,4’-cyclohexylidenebis[N,N-bis(4-methylphenyl)benzenamine]) host
doped wit wt% furan flanked DPP exhibited a much lower EQE value of 0.7%.2"
Although his value is further enhanced to 12.1% by introducing a second dopant (9-[2,8]-9-

carbazolemthiophene-S,S-dioxide]-carbazole, initialled as 2d), it is not competitive

since the 2 ed TAPC shows a EQE value of 15%.1”

Auth
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Table 2. OLED device parameters with TCTA host doped with 2wt% DPPNs.

Dopant OV/V. PE/Im/W  CE/cd/A  EQE/% CIE/(x,y) Max. L

@100/1000 cd/m” Jed/m?

ot

H-DPPN "#'5/8%  8.3/4.7 11.8/7.8  4.0/2.7 (0.50,0.48)/(0.49,0.47) 5371

OV: Ope oltage; PE: Power Efficiency; CE: Current Efficiency; EQE: External

O-DPPN@ 6.5/4.5 7.3/6.5 2.3/2.0 (0.49,0.48)/(0.48,0.48) 6065

Quantum ﬁcy; CIE 1931 Color Coordinates; Max. L: Maximum Luminance.

Figure 4f he normalized electroluminescent (EL)spectra of two OLED devices. Each
one was mith 2wt% H-DPPN and O-DPPN molecules doped in the TCTA host,

ts. The main emission peak is obtained at 570 nm for both devices, which

corresponds absorbance band of H-DPPN and O-DPPN molecules, confirming the
direct excitation of DPP cores. The CIE (x,y) coordinate of EL spectra (0.50, 0.48) evidences

that the fafricated OLED devices generate greenish-yellow light. However, emission noticed

[

at 400-45 iginates from the TCTA host molecules. The EL spectrum of O-DPPN

O

OLED is n er than that of the H-DPPN counterpart, suggesting the recombination zone

h

of the inje@ted charge carriers is narrower as compared to H-DPPN based OLED. To explain

this be is important to consider the charge carrier mobility of O-DPPN and H-

{

DPPN. It E-known fact that the OLED device with a TCTA host with TPB1 ETL is a
hole charge -dominated device and therefore the charge carrier recombination zone is
mainly a at the interface of the emissive layer (EML) and the electron transporting
layer (ETL).”®! O-DPPN possesses a higher hole mobility allowing for more efficient hole

injection and transport through the EML layer up to the ETL interface, resulting in a narrower

This article is protected by copyright. All rights reserved.
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recombination zone. On the other hand, the H-DPPN molecule has a slightly lower hole-

mobility that assists to widen the charge carrier recombination zone up to the interface of the

{

rip

HTL and 134:37) As a result of this, we have obtained higher power and current efficacy

and EQE based OLED compared to the O-DPPN counterpart.

Conclusio,

C

To summa e designed and synthesized two naphthalene flanked DPP dye based

S

versatile iad$, namely, H-DPPN and O-DPPN. It was found that, through molecular

engineering and\smart device structure design, high performance can be achieved in both

€

transistors in film displays, which is encouraging for researchers working on organic

1

electronic s with different side chains were first reported by our group, and in this

work, we @de rated that the octyl side chain is most suitable for this series of molecules

d

due to 4 hole mobility of 0.05 cm® V' s in OTFTs. The better performance was
ascribed to t form morphology with a highly crystalline nature. Molecule with short side
chains allows growing single crystals for SCTs. O-DPPN shows a largely enhanced
performarfe with mobility of up to 0.125 cm” V™' s™ which is 10 times higher than that of H-
DPPN. Thi ibuted to the stacking mode suggested by X-ray determined unit cells and
DFTB com 1ons. H-DPPN crystals appear to stack in one dimensional chain with a face

to face_z-Ainteraction that lacks favourable backbone stacking for charge carrier transport.

h

Howevd® s backbone stacking from X-ray diffraction for O-DPPN crystals and

L

naphthalene-napfjthalene stacking from DFTB calculations are observed. This is a favourable

LI

feature for charge carrier transport, explaining its higher hole mobility in SCTs.

A

Addition. the analogue of phenyl DPP, H-DPPN and O-DPPN also exhibit potential in

OLED:s. To avoid the emission quenching effect of pristine DPPN film in the active layer, we

smartly modified the OLED device structure by using the DPPN molecule as a dopant for

This article is protected by copyright. All rights reserved.
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TCTA. H-DPPN based OLED shows better performances with maximum power efficiency,
current efficiency, and EQE of 8.3 Im/W, 11.8 cd/A, and 4.0%, respectively, at 100 nits.
Overall, in_this work, we have clearly disclosed the versatility of two DPPN molecules in
various t onic devices. Especially, simultaneously achieving high performance in
H . . . . .
both trangtors and thin film displays through molecular engineering and smart device
structure Q a new scenario in organic electronics community which is expected to

advance th ¢ development of electronic devices.

S
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Studying the & unctional applications of a specific material is a challenging topic in organic
electronics community. In this work, through molecular engineering (short alkyl chain substituted
naphth anked diketopyrrolopyrrole) and smart device structure design, high device
performance i sistors and thin film displays are simultaneously achieved.
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