Journal Pre-proof

Organic
Electronics

aterials + physics + chemistry * applications

Improving device performance of p-type organic field-effect transistor using butterfly
like triarylamines

Ramachandran Dheepika, Anisha Shaji, Predhanekar Mohamed Imran, Samuthira
Nagarajan

PIl: S1566-1199(19)30595-6
DOI: https://doi.org/10.1016/j.orgel.2019.105568
Reference: ORGELE 105568

To appearin:  Organic Electronics

Received Date: 5 June 2019
Revised Date: 28 August 2019
Accepted Date: 17 November 2019

Please cite this article as: R. Dheepika, A. Shaji, P.M. Imran, S. Nagarajan, Improving device
performance of p-type organic field-effect transistor using butterfly like triarylamines, Organic Electronics
(2019), doi: https://doi.org/10.1016/j.0orgel.2019.105568.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier B.V.


https://doi.org/10.1016/j.orgel.2019.105568
https://doi.org/10.1016/j.orgel.2019.105568

2/t (V) 219

e g 3 8§ 8
-
3 3 3l 3™ Q o o o
& < = =] S =
o
(4]
b
>
—
o
w -
a (U
0> >
o
-
1
<t
1
. o
S ®
o 1]

w0 _.w.

o o
T > 0 N~ R
w w 11}

< N

1 1

V)




10

15

20

25

30

Improving Device Performance pitype Organic
Field-effect Transistor using Butterfly like Tridaynines

Ramachandran DheepikaAnisha Shaji? Predhanekar Mohamed Imrén,
Samuthira Nagarajaf*

®Department of Chemistry, Central University of Tamil Nadu, Thiruvarur, India, 600 005.
bDepartment of Chemistry, Iamiah College, Vaniyambadi, India, 635 752.

*Corresponding Author: snagarajan@cutn.ac.in, +9B946272

Abstract

Facile and economic strategy to create a contradleléstructured architecture of
semiconducting molecules is very crucial in theoaaglishment of carbon electronic
devices. A series of new unsymmetrically functi@med butterfly type triarylamines
with electron donating/withdrawing substituents &vesynthesized. Simple and
efficient solution based method was used as a ssfidestrategy for OFET with
improved characteristics. Binary solvent systemhvahloroform and toluene (7:3)
has improved inter/intra molecular communication tine active layer. The
morphology of the films was analysed by SEM revehls uniform packing. In
addition post thermal annealing has enhanced thstadiinity with minimal grain
boundaries. HOMO values 5.1 to 5.4 eV obtained fieywlic voltammetry ensure
that these molecules can efficiently transport $io@FET devices were fabricated in
bottom gate top contact (BGTC) architecture by smating. Molecules exhibited
typical p-channel transistor behaviour with mobility up t@if V7's* with 10 lgnos
current ratio. Density functional theory (DFT) védised the packing and interaction
of molecules and supported the efficient mobilyr investigation gives insight into
the role of solvents to control the film architeetun solution processing OFET

device construction.

Keywords: Solvent engineering, binary solvent system, treamjihes, OFET
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1. Introduction

Organic field-effect transistors (OFETs) are besugively studied by organic
electronics community due to their facile, coseefive production [1-2] and their
potential application in flexible large area digptievices, smart cards and sensors [3-
7]. Extraordinary beliefs are placed on solutiongassable organic small molecules
as a gateway towards the real world applicatiorsaBse polymer molecules have a
large distribution of molecular weight their dewscsuffers with batch to batch
variations [8]. Among many small molecules investigl rubrene, pentacene, and
thiophene have excellent OFET characteristics [9-11 addition triarylamines
(TAAs) are also studied for their applicability @FET owing to their structure and
electronic properties [13-17]. TAA based moleculeave inherent advantages
including a peculiar geometry, high electron damatand hole transporting ability
[18]. Their optoelectronic applications are studiextensively in the past years.
However their application towards OFETs are rettddecause of their amorphous
film forming tendency [19]. Understanding of stuie-property relationship remains
as the challenge of now-a-days research to outpertieeir transistor characteristics.

The real life application of OFETs relies on thkigh performance in terms of
mobility, on-off ratio and operational stabilityh@refore, recent research focuses on
developing the impressive molecular design to imprthe molecular assembly and
to optimise the film morphology. The aspects relate device performance are
scrutinised by a few factors such as molecularagdembly, thin film morphology,
and crystallinity which are regulated by inter @nttamolecular interaction. These
can be altered and/or improved by different praogssethods [20-22]. A few layers
of organic semiconductor near dielectric/active elayinterface is significantly
responsible for carrier movement and influenced dystallinity. The grain
boundaries, which will trap or scatter the chargeriers can be minimised by
choosing a suitable fabrication style [23, 24].ufioh processing techniques, such as
spin coating, drop casting, inkjet printing are uastionably easy and economical
way to produce crystalline films.

However, controlling the crystallisation to readlered thin film remains as the

qguestion of research. The anisotropy of the filmadl to variation in performance
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[25]. Consequently, choice of solvent is an impressvay to regulate the film

morphology. Use of additives with solvents for eetilayer deposition helps to
control the crystallization [26]. The crystallineder can be improved by post
deposition methods such as solvent vapour anneafidgthermal annealing [27-29].
Combination of a low and high boiling solvents fesa favourable molecular

assembly due to the control in evaporation ratew Lwlatile solvents provide

sufficient time for supramolecular self-assemblyt the residual solvents must be
removed by further process. In case of highly vielatolvents the residual solvents
can be removed easily but time available for ssfembly is insufficient [25].

Specific proportion of high and low boiling solvenwill be the perfect strategy to
produce favourable assembly without any further glarated processes.

In this work, we designed and synthesised a sefiaew TAA molecules with an
ethylene spacer and electron withdrawing/donatimguy to explore their self-
assembling tendency towards high performmghannel OFET application. The
molecules are designed with an expectation thatuti®ymmetrical substitution of
TAA provides better molecular packing due to unédliectron distribution assisted
pi-pi stacking. A simple and proficient solvent engineering stystdo produce
crystalline thin film by spin coating method is @stigated. The binary solvent system
assists the molecule to communicate via inter amchmolecular interactions and
produce uniform film. Whereas, the proportion oé tholvent helps to change the
alignment of the molecules in solution. And a pdsposition thermal annealing
process to improve the order of the thin film iscascrutinised for high charge carrier
mobility. This investigation can give an idea absalvent engineering as a platform

to understand solution processing and eventuailyeguo high performing OFETS.

2. Experimental Section

2.1 Materials

Triphenylamine, dimethyl formamide (DMF), PQCpotassium iodide, potassium

iodate, palladium (1) acetate, and styrenes werehmsed from commercial sources
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and used as received. Solvents used for synthesmis wbtained from Merck; for

analysis anhydrous solvents were used.

2.2 Methods

Molecules were characterized Byl and *C NMR in a Bruker 400 MHz
instrument using CDGIl as solvent and TMS as internal standard. Thermo
Exactiveplus UPHLC — HRMS was used for further aondtion of the molecules.
Photophysical properties were analyzed in JASCO NUR-spectrophotometer and
Perkin Elmer Spectrofluorimeter LS55. CHI electrectical workstation was utilized
to scrutinize the electrochemical behavior (cychigltammetry, CV) in a three
electrode electrochemical cell. The electrochemivall was composed of three
electrodes; glassy carbon served as working elefrplatinum wire as counter
electrode and SCE as reference electrode. Theygtasbon electrode was polished
with alumina (1, 0.5 and 0.03 micron successivdigjore each experiment. TA
thermal analyzer was used to study their thermbhber. Density functional theory,
DFT was employed to get insight into geometricatl aectronic features of the
molecules in ground state. And extended to timesddpnt density functional theory
(TD-DFT) to analyze their excited state. OFET desiwvere characterized in Keithley
4200 SCS. The topography of the thin films coateanfa binary solvent system by
spin coating were investigated using Jeol JSM 68&nning electron microscope
(SEM).

2.3 Synthesis

Precursorsl and 2 were synthesized according to the literature nashi@0-31].
Commercially available triphenylamine underwentstfieier-Haack formylation and
followed by iodination. The formyl group was contesl into nitrile group by
hydroxylamine hydrochloride in presence of DMSOeTgrecursors were subjected
to Heck coupling in presence of palladium catalystyield the ethylene bridged

triarylamines in good yield. Anhydrous solvents &veised for synthesis and purged
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with nitrogen for 10 minutes. Detailed spectra b& tcompounds are given in
supplementary information.

2.4 General procedure of Heck coupling reaction

Precursorl or 2 (0.95 mmol, 1 equiv.) was dissolved in a mixtufeCh;CN and
triethylamine (1:1 ratio) in a flask and purgedhwititrogen for 10 minutes. Palladium
acetate (10 mol %) was added under nitrogen ane@dtat room temperature for 15
minutes. Finally corresponding styrene (2.09 mrad?, Equiv.) was introduced and
temperature raised to reflux, continued for 12 bkourhe reaction progress was
monitored by thin layer chromatography. After coetign of the reaction, filtered
through celite and the crude was washed with DCMl extracted. The organic layer
was washed twice with water and once with brinaitsmh, dried over N&O,. The
product obtained was purified by column chromatphya(SiQ, 100-200 mesh size)
with hexane: ethyl acetate gradient solvent systégmilow solid was obtained in

moderate to good yields.

2.5 Devicefabrication and characterization

Bottom gate top contact OFETs are fabricated usieavily n"* doped silicon
wafer. The wafer was ultrasonically cleaned int@ce and methanol. And followed
by a mild piranha solution wash. Then the cleanatemwas heated up to 1200 °C for
80 minutes to grow silicon dioxide dielectric layé@his thermally grown dielectric
layer thickness was ~300 nm. Si wafer served as géle compounds were dissolved
in a binary solvent mixture composed of chlorofoamd toluene in 7:3 ratio and
sonicated for 20 minutes. Then this solution was spated on the SiQdielectric
layer at 3200 rpm speed for 45 seconds. The deviaethen soft baked over a hot
plate at 60 °C to get rid of residual solvent. Apast deposition treatment it is
thermally annealed at 90 °C for 30 minutes. Finalbyirce and drain contact were
made by conductive silver paste to finish the fedtion. The channel length and

width were 150 mm and 5 mm respectively. BGTC devizere characterized using



Keithley 4200 SCS analyzer. Typigaichannel behavior was observed in the BGTC
145  devices fabricated.

3. Results and Discussion

TAA based new small molecules were designed duiheéd unusual geometry;
where, the unsymmetrical design improves the seémbly on substrate and
consequently upgrade the transistor characteridiitgfinct crystalline alignment of

150 the film produces inspiringrestacking between the molecules to attain better
electronic coupling and promotes mobility. Trarmistharacteristics greatly depends
on the processing methods. Here, the binary solggstem used for active layer

deposition is responsible for the morphology. Tbkitson was sonicated, which lead

CHO CN

@ (1) DMF, POCI3, 0°C @ NH4OH. HCI, DMSO, 90 °C @
@/N©(2) Kl, KIO3, AcOH, 80 °i©,N\©\ TN
1 | 1 2 : |

1
X

R, Pd(OAc), @
1o0r2 >

TEA:CH,CN, Reflux @N@
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2 P

4 X=CN 6,X=CN F
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8,X=CN

Scheme 1Sythetic route and structure of compoutes
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to formation of an alignment of molecules in sauatiand on spin coating process it
can produce ordered structure [32]. As post deposfirocess thermal annealing was
performed to improve the order of the crystalliniy the film. Molecules were

constructed by Heck coupling reactions under nérogtmosphere. Synthetic route

and the molecular structure is giverSoheme 1
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Figure 1. (a) Absorption (b) emission spectra of compousisin anhydrous

dichloromethane

3.1 Photophysical properties

To understand the optoelectronic properties of diethesized moleculed-g),
absorption and emission behavior was analyzed inydmous dichloromethane
(DCM) at 10° M concentration in room temperature. Correspondsmgctral
parameters are represented in Table 1 and UV-v®rpbon spectra is given in
Figure 1 (a). These compounds exhibit two distibands: higher energy band
corresponds tae1t* transition and lower energy band is attributedhir? transitions.
According to quantum chemical calculations, thizdo energy transitions involves
the entire molecule and originated frop$ transitions [33]. However, the result
reveals that increasing the conjugation improves akerall electron density and

lowers the energy of the system leads to red shéfspective of electron withdrawing
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and donating substituents [34]. Except compo@ndall other nitrile substituted
molecules exhibited relatively high absorbance tiencorresponding aldehydes. The
low absorbing tendency of the compoudmay be due to the twist created by

fluorine with the nitrile in the other arm [33].

Table 1. Photophysical properties of compourid8

Compd. Aape (NM) hem Stokes Absorption Quantum
No. (nm) shift coefficient vyield,
b hmax (m) () A0'MT (9)?
cm?)
3 273 382 444 69 4.9 0.77
4 277 375 452 77 5.5 0.93
5 280 385 449 63 5.0 0.66
6 283 340 435 94 1.6 0.59
7 294 367 450 84 4.9 0.71
8 296 378 452 54 6.0 0.68

& Quantum yield calculated using quinine sulphatstasdard.

Emission spectra of the compounds were also ardlyranhydrous DCM at 10
M and are shown in Figure 1 (b). The compounds vex@ted at corresponding
absorptiorh. and invariably all the compounds exhibited bluession in the broad
region of 380-580 nm [35]. Following the trend dfsarption, compound8 and 4
exhibited higher intensity among the molecules istldThe electron donating and
withdrawing groups may change the excited statengéty of the molecules in polar
medium thus the molecule gains twist and ruptueectinjugation [36]. Although, for
all the compounds emission wavelength is obsereethet the same, intensity of
emission varies significantly. Quantum yield) (is determined using quinine as
standard. All the compounds have very high quanyieid, especially3 and4 have
0.93 and 0.77 respectively. This is evidently by iticorporation of highly conjugated
naphthalene units. Compoundsand 8 with OMe phenyl exhibits 0.71 and 0.@8
value. Pentafluoro phenyl substitution resultedeiatively lower quantum vyield. In

electronically excited state of the molecule chasgparation over the molecules is
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high; dipole moment is high and thus results imdigant Stokes shift. In addition,
the excitons are localized in any one of the theems of TAA due to the

conformational changes occurs in high polar med[@@{. They gain remarkable
dipole moment in locally excited state.

3.2 Electrochemistry

To evaluate electrochemical behavior of the syritleelsmolecules cyclic
voltammetry technique was used. Samples at WD concentration in anhydrous
acetonitrile was purged with nitrogen for 10 mirsuteefore the experiment: this
reduces the interference of oxygen on redox prof38js Experiments were carried
out in 50 mV/s with tetrabutylammonium hexafluoropphate (TBAP§) as
supporting electrolyte. The instrument was calidatvith ferrocene as external
standard. Using this Fc/Fc+ redox potential, HOM@d d UMO values were
calculated using the formulag&uo = - (Exx + 4.8 - Eure) [39]. Electrochemistry of
TAA is interesting because, it can transfer posititharge via radical cation [40]. All
the compounds have exhibited irreversible redoxk gaapositive potential which
corresponds to triarylamine moiety and no peakewdiserved in negative potential.
HOMO values lie in the range of -5.1 to -5.5 eVmpwunds3-6. HOMO values are
matching with most widely used hole transportingerials such as PEDOT:PSS (-
5.3 eV) [41, 39] and ensures very low barrier fotehinjection [42]. Peng and co-

ﬁﬁ

0.5 1.0 1.5 20 05 1.0 1.5 2.0
Potential (V) Potential (V)

Current (A)
Current (A)

Figure 2. Cyclic voltammogram of compounds8 in acetonitrile at 50mV/s
scan rate



210  workers have also reported TAA based polymers wsftallow HOMO values [42].
Poly(4-butylphenyl)diphenylamine (Poly-TPD) with MM®D -5.4 eV exhibited

Table 2. HOMO, LUMO and band gap values

Experimental Computational
Comp
Bandgap (eV)
No Homo*  Lumo Ba”\‘}'%ap HOMO  LUMO
(ev) Gaussian VASP
1 -5.52 -2.50 3.05 -5.79 -2.03 3.76 3.21
2 -5.53 -2.25 3.28 -5.64 -2.49 3.15 3.31

mobility up to 10 cn? V' s*[43, 44]. Interestingly compoundsand8 have HOMO
level at -5.53 and -5.41 eV ensures that these oangs can be used for easy hole
transport. LUMO values are obtained from the ahtsompedge: and band gap values

215  are calculated [44].
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3 -5.30 -2.47 2.83 -5.01 -1.75 3.25 3.46

4 -5.38 -2.46 2.92 -5.06 -1.78 3.28 3.31
5 -5.22 -2.36 2.86 -5.37 -2.14 3.23 3.67
6 -5.18 -1.89 3.29 -5.45 -2.19 3.25 3.72
7 -5.53 -2.55 2.98 -4.85 -1.57 3.27 3.21
8 -5.41 -2.55 2.86 -4.90 -1.51 3.39 3.17

¢ Calculated from E; of cyclic voltammetry
® Optical band gap
° Gaussian (B3LYP 6-31G*) & VASP (VASP GGA-PBA)

3.3 Thermal Behaviour

Thermal stability of active semiconducting materiglalso an important
characteristics for better device performance amalulity. The thermal behavior of
the new compounds were studied by differential stan calorimetry (DSC). And
thermogravimetric analysis (TGA). Thermograms areemy in Figures3 and 4.
Experiments were carried out in nitrogen atmosplara heating rate of 5 °C per
minute. In our previous works [45], we have reportfermyl/nitrile substituted
triarylamines with no spacer; they possess goodntake stability. Introducing an
ethylene spacer improved the thermal behavior amlres these molecules can
withstand post deposition thermal annealing protessprove the film morphology.
After post deposition annealing, the effectiveniasthe packing of molecule in film
has been found to be noticeable due to extensipegtacking.

In compound3, the structural change induced by the spacerdwged the rigidity in
structure and lowered the melting point. Compoundmd 8 exhibited the highest
melting points among the compounds studied. Comg®ub and 6 with
pentafluorophenyl groups have moderate meltingtpoibhermogravimetric analysis
have been carried out to support the thermal pt@seof these molecules. 10 %

weight loss was observed in the range of 299-373 °C
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Figure 3. DSC thermogram of compoundls3
235

Table 3. Thermal properties of compountis

Compd. No. Tm °C Td °C
3 127 299
4 165 373
5 177 343
6 178 315
7 205 304
8 224 366

Weight loss %

———e e
200 400 600 800
Temperature °C

Figure 4. TGA curves of compound®-8
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3.4 Morphological analysis of thin films

X2,500° 10um

The control in the self-assembly of films castea any solution processing technique
is an important challenge for mono/multi-layeredyaoric electronic devices. The
morphology of films can be tuned by various teche& such as solvent choice, use

of additives and posteposition methods [25-29].

Figure 5. Topographic images obtained by SEM for compo8id), 4 (b), 7 (c), and
8(d)

For SEM analysis, samples were dissolved in a pimaixture of toluene and
chloroform (3:7) and spin coated at 3200 rpm forsé6onds and heated to remove
the residual solvent. Topography of active layertlef devices (four devices with
compounds3, 4, 7, and8) was analyzed by SEM and showrFigure 5. Compounds

3 and4 with naphthalene substitution have shown featuseteadom sized clusters.

Although compoundg and8 are structurally similar their film topographicsttures
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are non-identical. Compourilhas well defined rod like structures which ardntlig
packed in the defined area. Compo@elxhibited clustered flakes of molecules. This
topographical alignment of the molecules in thimfistrongly supports uniform

packing and ultimately ensures the higher mobitihd improved charge injection

[46].

3.5 Thin film X-ray diffraction analysis

Spin coated thin films are analyzed by XRD techaid support the crystallinity
induced by the binary solvent system with post rti@r annealing process. The
optimized ratio (7:3, chloroform and toluene) ogjiyes uniform film, whereas the

other ratios and mono solvent systems producesmtigcted patches.

Intensity
f

35 40 45 50 55
26 (°)
Figure 6. Thin film XRD for the compounds, 4, 7, and8.

The XRD of the active layer of the four devices gineen inFigure 6. Films made in
mono solvent system produced amorphous naturela®iynbefore thermal annealing
process there was no significant peaks were obdefuee sharp peaks at 31, 37, 43
and 47 revealed the crystalline nature of the filaighly ordered arrangement of the

donor molecules are expected to result in high haleility.
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3.6 Computational basis

For better understanding of electronic and spegim@perties, the new TAA
molecules are studied through computational meth@idculations of DFT are
executed using VASP ab-initio software under Medakkage. The Density of states
(DOS) were computed by PBE functional theory toigsight into the Fermi levels.
Band gap values were calculated by Gaussian andPviés8thods and are given in
Table 2. The negligible variation can be accouritezcthe additional Fermi level in
crystalline structure. However, these band gapeslare well in agreement with
experimentally obtained values (Table 2).

Frontier molecular orbitals (FMOs) are visualizedFigure 7. HOMO s
located over main triphenylamine moiety and LUMO lixated over acceptor
substituted arms. In molecule&s & 4 and 7 & 8 (comparison with respect to
substituents) only CHO group holds LUMO distributidMolecules5 & 6 shows
LUMO only over aryl substitution side because af gfentafluoro groups. The DOS
band gap values predicted by MedeA range from &M1o 2.55 eV and represented
as graphs in Figure S3. The Fermi regions neaFM®s have shown good spread
and signifies the possible states the charge camaie move. In this context molecule
7 and8 have highest possible charge carrier movementsé&nprently the moleculg
is arranged in the orthorhombic P212121 patterrbast alignment with feasible
hopping distance. The shortest distance was ol@teag the edges of the molecule
where the HOMO and LUMO were located. The DOS ssidvas used to calculate
energy per unit volume and the calculated datagaren in Table S1. The highest
volume is obtained for molecule and it signifies the denser packing per unit. In
molecules7 and 8, swapping of CHO and CN group results in almosnesa
appearance of LUMO, b has more states than any other molecule in thesser
The smallest gaps are found Inand 2, obviously suggesting that extension of

conjugation has enhanced the DOS levels.



295

300

305

o v g o
. o @, i
-l e Sk o
e, ) /P N% ez
L& LT LS des L aaly T Teg .
%3 < %= ;b . "L b &

o

= =
o
<
O .
-2
N

Yol yS T gga ik
- £ ]
L3 L, &
3 Y 2. s
=3 oo ‘;‘\’-, 7
o s , 7 LK 2,
. \Q:\“'-‘.t ¢ b(,” ) \‘M‘§Q ﬂﬂ? = 4 ’!Q»w QF'Q‘
Q@ & ( 9 8" o wy
HOMO & -
@ 5 @ 6 7 8
O %) ALY . CAYH
o By T 0T, oY P
WMo ¥ 04 s 1
<HLe . <563 ey F2'2]
&~ 4 L v o ~ . o T
g—-e»d." \Qgh& {PPCO X a5 & e, i Qﬁm

Figure 7. Frontier molecular orbitals visualized by Gaussian

3.7 OFET characteristics

Charge transport properties of the new unsymmétiiga were studied by OFET
devices. All the solution processed BGTC devicdsteted p channel behavior with
good transistor characteristics as shown in Fidirdhe pre-alligned solution of
compounds in the binary solvent was spin coated dhwermally grown silicon
dioxide layer. The solubility of compounds and nti$ity of the solvents are very
crucial as they define the crystallization of aetlayer and hole mobility. Among the
six compounds studie@, 4, 7, and 8 have shown FET behaviour. Nevertheless,
compounds3 and4 seems to be promising to possess good mobilitstiucture, the
ethylene spacer changes the self-organzing abilihaphthalene units and they result
in modest performance. The molecular packing pattdtained from computational
studies helped us to ratinalise this behaviouroofijgpounds3 and4 (Figure S4). From
the linear plot of the square root of drain to seucurrent @s"?) versus the gate

voltage, threshold voltage V) and charge carrier mobility (u) were calculated.
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Mobility is extracted from the saturation regime the transfer curve using the

formula
_ 2L <l 5
p= CW( ope)

Compound$ and6 failed to give FET behaviuor may be due to electrithdrawing
nature of pentafluorophenyl substitution which hanspthe hole flow in the molecule.
Compounds3 and4 exhibited mobilties up to 0.01 annd 0.07%afTs* respectively,
with lonore ratio of 16 and 106. Ultimately, methoxy substituion resulted in good
OFET behaviour; might be due to the electronicaféd donating methoxy group and
their mode of interactions. The mobility obtainedswl criV's®, with 1¢ on/off
ratio. All the transistor charateristics are grbatenproved from the previously
reported values for TAA based molecules [13-17].I&dalar glasses of TAA have
been analysed by Sonntag and co-workers exihilbitég 10* magnitude of mobility
[15]. Cranivo et al [20] have reported good mobilitith TAA-thiophene hybrids but
loniort Was very low. Molecul® possess the best crystalline packing with 2.1 A 2.
and 5.1 A interatomic distance (DFT) and exhibiteel higher charge carrier mobility
among the molecules studied. The new TAA molecubss be utilized for various

electronic application.

Table 4. OFET characteristics of ethylene bridged TAAs

Compd. i (cmfVvish) Vi (V) l onioFF
No.
3 0.01+0.09 1 16
4 0.07+0.02 -16 10
7 0.11+0.01 -4 16
8 1.0+0.05 -1 16

*Standard deviation is calculated from five devices
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Conclusion

In summary, new butterfly type unsymmetrical trlargines were designed and
synthesised successfully by Heck coupling reactiah.the molecules exhibited
HOMO values in the range of -5.1 to -5.4 eV anduess they can be potentially
employed as hole transporting and electron blocKiger for various organic
electronic devices. The molecules showed good thkstability to withstand the post
deposition process at 90 °C. Thermal annealing orgat the crystallinity of the thin
film coated from a binary solvent system comprisédhloroform and toluene in 7:3
proportion. Among many solvents tried out, thiscfie ratio produced uniform film
with improved the crystallinity after post thermahnealing process. Devices
fabricated in bottom gated top contact (BGTC) asgfure showed typicgchannel
behaviour. Among the molecules, methoxy substitutethpound8 showed high
carrier mobility up to 1 chV™ s* with 1P Ionore current ratio. This investigation
signifies the role of new organic semiconductjng channel material towards high

performing OFETs and encourages their applicatiorarious electronic devices.
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Appendix | Supplementary data

Supplementary data contains detaittd NMR, *C NMR, and HRMS spectral data
and spectra of compounds; Computational studiesiBefunctional theory (DFT):
molecule geometrical parameters at ground statesityeof states graph, crystal
parameters, packing pattern; Time dependent-defigitgtional theory (TD-DFT):

Electronic absorption behaviour.
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Highlights

» New functionalized triarylamines are designed, synthesised and scrutinised for OFET
applications.

» HOMO level (5.2 to 5.4 eV) ensures efficient hole injection and transport.

» Band gap tuned with respect to the electron donating and withdrawing substituents.

» OFETs with bottom gate top contact architecture is fabricated by spin coating from a
binary solvent mixture.

» Exhibited higher melting points ensures the device durability with higher mobility up

to 1 ecm?V'tstwith 10° lon/off CUrrent ratio.



