Journal of

Materials Chemistry C

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

2013 | Pages 1-100

Journal of

Materials Chemistry C

d electronic devices

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

ROYAL SOCETY
&cnzmsmv

ROYAL SOCIETY .
OF CHEMISTRY www.rsc.org/materialsC


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 ofﬂournal Name Journal of Materials Chemistry C Dynamic Article Links »

Cite this: DOI: 10.1039/cOxx00000x

WWW.rSC.0 rg/xxxxxx ARTICLE TYPE

From Non-Detectable to Decent: Replacement of Oxygen with Sulfur in
Naphthalene Diimide Boosts Electron Transport in Organic Thin-Film
Transistors (OTFT)

Wanggiao Chen,** Jing Zhang,* Guankui Long,? Yi Liu,° Qichun Zhang™®*

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX
DOI: 10.1039/b000000x

o

Enhancing the electron mobility of organic conjugated materials without tedious modification or
synthesis is highly desirable and practical. In this research, we demonstrated that the electron mobility of
naphthalene diimide (NDI) in thin film transistors (TFTs) under ambient conditions can be dramatically
10 enhanced through a simple step reaction by replacing oxygen atoms with sulfur atoms. The electron
mobilities of as-prepared compounds range from non-detectable (parent NDI), to 3.0x10™ cm? V! s
(NDI-1S), 3.0x10° cm? V' s (NDI-3S), 3.7x10° cm? V! s (NDI-2S-cis), and 0.01 cm? V! s (NDI-
2S-trans) with on/off ratio as high as 4x10°% Our primary result suggests that thionation could be a
promising method to tune the band position and bandgap of organic semiconductors for high performance
15 TFTS.
quinoidal oligothiophenes  (QOTSs),2* isoindigo®* and
Introduction fullerenes,®%" NDI has been demonstrated to be a promising
candidate with various mobility due to the molecule diversity.®
Meanwhile, introducing sulfur atoms into acene frameworks have
so been proven to be a general strategy to obtain high charge
transport mobility.3**2 Thus, replacing O with S in NDI system
was supposed to be a good strategy to address the issues of
mobility and stability because (1) S.....S interaction could
enhance the stability of molecular arrangement in space; (2) The
absorption and Lowest Unoccupied Molecular Orbital (LUMO)
energy can be easily tuned by controlling the number of sulfur
atoms; and (3) Thionation can be completed in one step reaction
by using Lawesson’s reagent (LR). In this research, four
oo . . compounds 2,7-bis(2-ethylhexyl)-8-thioxo-7,8-
materials is relatively slow. One well-known strategy to achieve o dihydrobenzo[Imn][3,8]-phenanthroline-1,3,6(2H)-trione  (NDI-

n-type material _vvith ideal mobility z?md ar_nbient stability is to 1S), 2,7-bis(2-ethylhexyl)-3,6-dithioxo-2,3,6,7-tetrahydrobenzo-
% design and obtain novel molecule with suitable LUMO energy [Imn][3.8]phenanthroline-1,8-dione  (NDI-2S-cis),  2,7-bis(2-

and ideais_ 1r;wolecule packir_lg for effective charge (electron) ethylhexyl)-3,8-dithioxo-2,3,7,8-tetrahydrobenzo-

traps_port. It hgs beer_l _Wldely demonstrated _that t_he _electron [Imn][3,8]phenanthroline-1,6-dione (NDI-2S-trans), and 2,7-

a_fflnlty and the air stabllle of the OFET dewf:e will increase bis(2-ethylhexyl)-3,6,8-trithioxo-2,3,7,8-tetrahydrobenzo-

simultaneously blyé |ntr0Qucmg elezci)tron-wnhdrawmg groups, szulczr; [Imn][3,8]phenanthrolin-1(6H)-one  (NDI-3S) have  been
» as cyano (-CN),™ chlorine (~CI),” or perfluoroalkyl (-CF;-) synthesized and our studies indicate that more sulfur atoms will

on ﬂ:‘ n-conjuggtgd backboge hor the S_UbSt'tlétEd alkyl c:_am. result in more red-shift absorption as well as lower LUMO and
Another approach is to extend the z—conjugated core to achieve energy gap. The mobilities of all these materials have been

graphene-like OI'E_O?HS Igvllthd r|g|d|y”and Ialmost planar investigated in air and NDI-2S-trans showed best mobility of
superstructures, which could lead to excellent electron transport 0.01 cm? V! s while controlled NDI shows almost no field-

w0 charzfmteristic.f,.23'26 Unfortunately, these approaches generally  tco \nder ambient condition.
require multi-step synthesis. Thus, searching a simple and
convenient method to develop novel molecules for high-
performance n-type OFET is still highly desirable.
Among the current n-type small molecule systems such as Synthesis of NDI-1S, NDI-2S-trans and NDI-2S-cis
s naphthalene diimides (NDIs), Perylene diimides (PDIs),?"

Organic  semiconducting materials have been strongly
investigated in many organic electronic devices including organic
field-effect transistors'™®, sensors,%! and photovoltaics**** due to
their charming advantages such as solution processing, large-area
manufacture, and easy chemical functionalization. Although a
large number of =n-conjugated semiconductors have been
designed and prepared for applications in organic electronics,
how to realize high performance organic electronic devices with
25 reasonable stability and repeatability through simple modification

or synthesis is still a big challenge. At present, comparing with p-

type organic semiconductors, the research on n-type organic
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Experimental section

75 A solution of lawesson’s reagent (485 mg, 1.2 mmol, 2.0 eq. to
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NDI) and NDI (0.294 mg, 0.6 mmol, 1.0 eq.) in xylene (30 mL)
was heated at 140 °C for 2 h under argon. The resulting brown
solution was cooled to room temperature and concentrated in
vacuum to give a crude mixture of unreacted NDI, NDI-1S, NDI-
2S-trans and  NDI-2S-cis.  Separation by  column
chromatography (Hexane/CH,CH,= 1:1 to 1: 2) gave NDI-1S,
NDI-2S-trans and NDI-2S-cis in the following yields.

2,7-bis(2-ethylhexyl)-8-thioxo-7,8-dihydrobenzo[Imn][3,8]-
phenanthroline-1,3,6(2H)-trione (NDI-1S): Green yellow solid,
101mg, Yield: 33%; mp: 175 °C (DSC). 'H NMR (300 MHz,
CDCl3) 8 9.04 (d, J = 9.0 Hz, 1H), 8.75-8.69 (m, 2H), 8.62 (d, J =
1.2 Hz, 1H), 4.78-4.65 (m, 2H), 4.19-4.07 (m, 2H), 2.18-2.14 (m,
1H), 1.97-1.91 (m, 1H), 1.40-1.27 (m, 16H), 0.96-0.83 (m, 12H).
1¥C NMR (75 MHz, CDCI3) & 193.5, 163.5, 160.8, 136.0, 131.5,
130.9, 130.5, 130.1, 126.8, 126.6, 126.2, 125.2, 125.0, 50.8, 44.6,
37.9, 36.9, 31.6, 30.7, 28.6, 24.0, 23.0, 22.6, 14.0, 10.7, 10.6.
HRMS: calculated for CsoHsgN,03S + Na®, 529.2501; found:
529.2498 (M+)

2,7-bis(2-ethylhexyl)-3,8-dithioxo-2,3,7,8-tetrahydrobenzo-
[Imn][3,8]phenanthroline-1,6-dione (NDI-2S-trans): Brown
solid, 12 mg, Yield: 4%. mp: 182 °C (DSC); *H NMR (300 MHz,
CDCl3) 8 9.04 (d, J = 9.0 Hz, 2H), 8.63 (d, J = 9.0 Hz, 2H), 4.79-
4.66 (m, 4H), 2.21-2.13 (m, 2H), 1.41-1.27 (m, 16H), 0.89-0.83
(m, 12H). 3C NMR (75 MHz, CDCls) 193.6, 161.1, 136.0, 131.0,
129.6, 125.3, 125.0, 50.8, 36.9, 30.7, 28.6, 24.0, 23.1, 14.0, 10.7;
HRMS: calculated for CgoHagN,0,S, + H*, 523.2453; found:
523.2437 (M+)

2,7-bis(2-ethylhexyl)-3,6-dithioxo-2,3,6,7-tetrahydrobenzo-
[Imn][3,8]phenanthroline-1,8-dione (NDI-2S-cis): Brown solid,
22 mg, Yield: 7%; m.p: 182 °C (DSC); 'H NMR (300 MHz,
CDCly) 6 8.93 (s, 2H), 8.72 (s, 2H), 4.78-4.66 (m, 4H), 2.22-2.11
(M, 2H), 1.38-1.26 (m, 16H), 0.94-0.82 (m, 12H); *C NMR (100
MHz, CDCl;) 193.6, 161.1, 135.5, 131.5, 128.8, 126.3, 125.0,
50.8, 37.0, 30.7, 28.6, 24.0, 23.0, 14.0, 10.7; HRMS: calculated
for C3oH3sN,0,S, + H*, 523.2453; found: 523.2459 (M+)

Synthesis of NDI-3S

A solution of lawesson’s reagent (2.0 g, 4.95 mmol, 5.0 eq. to
NDI) and NDI (0.294 mg, 0.6 mmol, 1.0 eq.) in xylene (30 mL)
was heated at 140 °C for 24 h under argon. The resulting brown
solution was cooled to room temperature and concentrated in
vaccum to give a crude mixture of NDI-3S, NDI-2S-trans and
NDI-2S-cis. ~ Separation by  column  chromatography
(Hexane/CH,CH,=1:1 to 1: 2) gave NDI-2S-trans (11% yield),
NDI-2S-cis (9.2%, yield) and NDI-3S.

2,7-bis(2-ethylhexyl)-3,6,8-trithioxo-2,3,7,8-tetrahydrobenzo-

[Imn][3,8]phenanthrolin-1(6H)-one (NDI-3S): red solid, 25 mg,
Yield: 4.6%, m.p: 181 °C (DSC); *H NMR (300 MHz, CDCl5) &
8.90-8.87 (m, 2H), 8.77 (d, J = 8.4 Hz, 1H), 8.57 (d, J = 8.1 Hz,
1H), 5.56-5.41 (m, 2H), 4.77-4.64 (m, 2H), 2.35-2.27 (m, 1H),
2.20-2.12 (m, 1H), 1.39-1.24 (m, 16H), 0.95-0.83 (m, 12H). 3C
NMR (75 MHz, CDCl;) & 193.8, 190.8, 161.5, 137.2, 136.7,
135.6, 131.3, 131.0, 130.4, 128.1, 125.1, 124.8, 121.8, 57.5, 50.8,
37.4, 37.0, 30.7, 30.6, 28.7, 28.6, 24.1, 24.0, 23.1, 14.0, 11.0,
10.7; HRMS: calculated for C3qH3gN,0S; + H*, 539.2225; found:
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523.2239 (M+)

OTFT device fabrication and measurements

An n-type heavily doped Si wafer with a SiO, layer of 500 nm
and a capacitance of 7.5 nF cm™ was used as the gate electrode
and dielectric layer. The thin films (40-60 nm) of S-NDI/NDI
were deposited on octadecyltrichlorosilane (OTS)-treated SiO,/Si
substrates by spin-coating of their CHCls/hexane solutions (10
mg/mL). Next, the thin films were annealed at 60 °C, 100 °C, or
140 °C. Gold source and drain contacts (30 nm in thickness) were
deposited by vacuum evaporation on the organic layer through a
shadow mask, affording a bottom-gate top-contact device
configuration. The channel length (L) and width (W) were 20 pm
and 200 pum, respectively. Electrical measurements of OTFT
devices were carried out at room temperature in air using a
Keithley 4200 semiconductor parameter analyzer. The mobilities
were determined in the saturation regime by using the equation
Ips = (WWCi/2L)(Vs — V1)2 where Ipg is the drain-source current, u
is the field-effect mobility, W is the channel width, L is the
channel length, C; is the capacitance per unit area of the gate
dielectric layer, and V+ is the threshold voltage.

Results and discussion

=i 5 5

NDI NDI-3S

Lawesson's
Reagent

.?1‘- NDI-1S NDI-2S-cis NDI-25-trans

Scheme 1 Synthetic route for the thionated NDI derivatives

The synthetic route to thionated derivatives of NDI is shown in
Scheme 1. The parent NDI was synthesized according to a
modified literature procedure and used as a control molecule
throughout this study.*® By varying the reaction time and the ratio
between LR and NDI, different degree of thionation as well as
different yields of the thionated derivatives can be achieved. For
instance, when NDI was treated with 2.0 eq. of LR and heated at
140 °C for 2 h, NDI-1S was isolated as major product in 33%
yield as well as minor product bis-thionated NDI (including NDI-
2S-trans and NDI-2S-cis) in total 11% yield. No NDI-3S was
observed. When LR was increased to 5.0 eq. with longer reaction
time (24hr), no NDI-1S was observed, instead, NDI-2S-trans,
NDI-2S-cis and NDI-3S was obtained in 11%, 9% and 4.6%
yield, respectively. Although a lot of reaction conditions
(temperature, ratio, reaction time) have been employed to
approach NDI-4S, unfortunately, none of them worked. One
possible reason is due to the much lower LUMO (-4.15 eV,
table 1) of NDI-3S, the reactivity of LR is not strong enough to
replace the fourth oxygen on NDI-3S.

The 'H NMR spectra of as-prepared NDI-1S, NDI-2S-trans,
NDI-2S-cis and NDI-3S are showed as Fig. 1. Compared with
precursor NDI, aromatic hydrogen atoms (H) on NDI-1S split
into three groups of peaks from 8.5 to 9.0 ppm. Meanwhile, H on
CH2-N also splits into two group peaks and one of them moves
from 4.2 ppm to 4.7 ppm due to the strong electron-withdrawing
property of newly-formed C=S bond. For the NDI-2S-cis,
because the environment of H on the same side of aromatic ring

2 | Journal Name, [year], [vol], oo—oo
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is the same, only two single peaks from 8.5 to 9.0 ppm are
observed. As to NDI-2S-trans, because the environment of H on
the same side of aromatic ring is different to each other (one is

J NDI-3S

I“.lll o A
| | NDl2S-trans
H } NDI-2S-cis
A
| | NDI-1S
1 NDI
). A
s 8 7 6 5 4
ppm

5 Fig. 1 Partial *H NMR spectra of the thionated NDI derivatives

next to C=0 bond while the other is next to C=S bond), two
double peaks from 8.5 to 9.0 ppm are seen. Compared with H on
CH2-N of NDI-2S, the H on CH2-N of NDI-3S shift more to
low field (5.5 ppm) due to the effect of the additional sulfur
10 substitution. The structures of all compounds were further
confirmed by BC NMR, and HRMS. (Fig. S4, S5)
Thermogravimetric analysis (TGA) analysis indicate that NDI-
2S-trans is the most stable compound and decomposed at around
350 °C while NDI, NDI-1S and NDI-2S-cis almost have the
15 same decomposed temperature at ~ 325 °C. It is worth to note that
NDI-3S is the most unstable compound and decomposes at
around 250 °C. (Fig. 2a) The differential scanning calorimetry
(DSC) spectra suggest that the melting peaks of these thionated
derivatives are between 183 °C and 192 °C, which are lower than
2 that of parent compound NDI (205 °C). (Fig. 2b)
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Fig. 2a) TGA and 2b) DSC spectra of thionated NDI derivatives
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Fig. 3a) UV-vis absorption spectra in dried CH,CH, and 3b) Cyclic
voltammetry (CV) of the thionated NDI derivatives

—

UV-vis absorption spectra of the thionated derivatives in
diluted methylene chloride are displayed in Fig. 3a. It can be
a0 clearly seen that with successive replacement of O with S in the
framework of NDI, the onsets of absorption of as-prepared
compounds red-shift simultaneously from 400 nm to 580 nm. It’s
worth mentioning that although the NDI-2S-trans and NDI-2S-
cis have different thionation position, their onset absorptions are
almost same (530 nm). The electrochemical properties of
thionated NDI as well as the parent compound NDI were further
studied by cyclic voltammetry (CV) in 0.1 M n-Buy,NPFg dry
methylene chloride solution and their CV graphs are shown in
Fig. 3b. For the control group NDI, the first reduction potential
(Eyp) is —0.91V vs Pt/Pt,0 and it can be calculated that its onset
of reduction potential (E.”™®) versus FeCp,*° (+0.23 V vs
Pt/Pt,O, Fig. S1) was about —1.14 V. Thus, the LUMO energy
was estimated to be —-3.66 eV from the reduction potential by
using the empirical formula, E ymo = —(Ere,”™" + 4.8) eV,
assuming the absolute energy level of FeCp,” to be 4.8 eV
below vacuum.** The Highest Occupied Molecular Orbital
(HOMO) of NDI is 6.86 eV calculated from LUMO and E,*.
Using the same method, the LUMO and HOMO values of 1S, 2S,
3S derivatives can also be obtained and the data are summarized
so in Table 1. Interestingly, in the CV graph, the NDI-1S has the
largest shift compared with NDI, which corresponds with the
tendency observed in UV-vis spectra (red-shift about 100 nm
from NDI to NDI-1S). Thus, compared with the other strategies
for LUMO level displacement, thionation provides an
alternative method to adjust LUMO level with concise synthesis
step.

To investigate how the thionation of the parent compound NDI
influences electron transport property over macroscopic
dimensions, we fabricated and characterized thin-film field-effect
e0 transistors with bottom gate top contact configuration and gold as

source/drain electrodes. Except NDI-3S (moderate solubility), all

thionated derivatives have good solubility in common solvents
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Table 1. Optical properties and energy levels of the thionated NDI

Aonset Eg""‘ Eip Ee™(V)® LUMO HOMO

(hm) _ (eV)? V) (eVv)© V)

NDI 388 3.20 -0.91 -1.14 -3.66 —6.86

NlDSI' 495 2,51 -0.62 -0.85 -3.95 —6.46
NDI-

2S- 529 2.34 -0.59 -0.82 -3.98 -6.32
trans
NDI-

. 529 2.34 -0.55 -0.78 —4.02 —6.36
2S-cis

N3DSI' 571 217 -0.42 -0.65 -4.15 -6.32

# E™ was calculated from 1240nm/Aonset. ° Ered®™® = (Exj2— Expa(Fe/FC* =
+0.23)) © LUMO = —(Ereg ™'+ 4.8) eV. “ HOMO = LUMO —E ™

(e.g. chloroform, toluene), which are easy to realize solution
process. Note that the solubility of thionated NDIs strongly
depends on the degree of thionation: with more sulfur atoms, the
solubility ~ decreased. =~ For ~a  parallel  comparison,
chloroform/hexane has been chosen as the solvent for all devices’
fabrication and the procedures are described in experimental
section. Typically, S-NDI solutions were spin-coated onto OTS-
treated SiO, (500 nm)/n**Si substrates under ambient conditions.
The resulted films were then subsequently annealed for about 60
min at different temperatures in a vacuum oven.

The microstructures of all as-fabricated thin-films were
investigated by using atomic force microscope (AFM) and two-
dimensional (2D) X-ray diffraction (XRD) techniques. As shown
in Fig. S2, the substrate temperature has significant effect on the
morphology and crystallinity of microstructures, which were

o

.
a

o
S PR T
20 Fig. 4 AFM images of thionated NDIs based films (a: NDI-1S, b: NDI-
2S-trans, c: NDI-2S-cis, d: NDI-3S, size: 5x5 um; annealed at 60 °C,
100 °C and 140 °C).

supposed to affect the corresponding charge transport properties
of the films. Only one intense reflection peak at 26 = 4.85° was
25 observed for all the as-prepared films, corresponding to a d-
spacing of 1.89 nm, which is close to that of the molecular
lengths along the long axis (~2.30 nm, Fig. S3). Thus, the S-NDI
molecules positions on the substrate with their long axes inclined
at an angle of about 55° onto the substrate. But at higher
3 annealing temperature, stronger peak intensity at the same
position was observed, suggesting the higher crystallinity. The

a ..INDI-1S aneif 12054 ) o INDI-2S-trans  _jese = ises
o [7 Do NDI-2Srans
1564 1E-7 o .
Pl ~ N N
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1E6 f 186
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1611 Ve 1E-11

20 0 20 40 60 80 100
Vo V)

Fig. 5. Typical transfer characteristics of thin-film OFETSs of thionated
NDIs after annealing at optimized temperature for a) 140 °C, b) 140 °C, c)

35 140 °C, d) 100 °C and device repeatability for e, f.

Table 2. Detailed performance of OFETSs based on thin films of thionated
NDIs on OTS-treated SiO,/Si substrates at various annealing temperature

M

T(C)  pu(em’V's") et Vi (V)

60 no field-effect
NDI-18 100 6.1x10° 5x10° 27
140 3.0x10" 1x10° 28
60 2.4x10™ 4x10° 30

NDI-2S-
trans 100 1.7x10° 2x10° 16
140 1.0%102 4x10° 19
60 4.8x10™ 1x10° 33
NDI-2S-cis 100 5 6x10™ 1o’ 26
140 3.7x10° 4x10* 37
%0 1.7x10° 4x10° 27
NDI-3S 100 7 3%10° ox10° -
14 ) 92
° 3.0x10° 4x10°

0 morphology and domain sizes of as-fabricated films studied by
AFM (Fig. 4) showed similar trends as the XRD results. When
the substrate was annealed at a low temperature (60 °C), the film
deposited on OTS-treated SiO2/Si substrate consisted of small
grains. At a higher annealing temperature (100 °C or 140 °C),

a5 bigger grains with a more ordered film on the OTS/SiO,/Si

substrate were investigated. In contrast, high temperature caused

NDI-3S-based films cracked large grain boundaries were

observed, and the grain size stopped getting larger, which might

be due to the decreased melting point.

All as-prepared S-NDI materials show typical n-type
characteristics under ambient atmosphere. Mobilities calculated
from saturation regime, I/l ratios and threshold voltages are
summarized in Table 2. Typical transfer curves of S-NDI-based
devices are depicted in Fig. 5a-d. For comparison, the parent
ss compound NDI device was prepared based on the same

condition, but we did not observe obvious performance under air

condition. For NDI-1S based devices after annealing at 60 °C,

50
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nearly no mobility was measured, however, higher temperature
annealing can increase electron mobility and the best mobility for
NDI-1S-based devices is 3.0 x 10 cm? V! s at annealing
temperature of 140 °C with an on/off current ratio up to 1.5 x 10*.
Note that the performance of the NDI-1S TFTs degraded on
exposure to the atmosphere quickly and the repeatability of the
device are very poor. Different from NDI-1S, NDI-2S-trans and
NDI-2S-cis have higher mobilities and, with the increased
annealing temperature, the mobility can be further enhanced (Jmax
= 1.0 x 102 cm® V' s?, 4.2 x 10° cm? Vv s, with 140 °C
annealing). Although NDI-2S-trans and NDI-2S-cis exhibit
better stability than NDI-1S, their performance and repeatability
at air condition are still poor (Fig. 5e). For example, after several
times of operation, the threshold voltage of NDI-2S-cis increased
from 30 V to 70 V, and the field effect mobility became much
lower (8.8x 10 cm? V! s compared to the original mobility of
4.2 x 10 cm? V! s1). For NDI-3S, the best performance was
obtained at 100 °C, 7.3 x 10° c¢cm? V! s this value was
decreased to 3.0 x 10 cm? V! s at temperatures higher than
100 °C. Because of its lower LUMO energy level, NDI-3S was
supposed to be more stable and display good repeatability as the
less sensitivity to oxygen and moisture. The device has been
operated for about ten times and no obvious decay was observed
in the I-V curves, as shown in Fig. 5f. The corresponding output
curves of devices are shown in Fig. S6 and there is no obvious
contact resistance from the output curves. All of these results
demonstrated that simple sulfur-substitution could be an effective
method to achieve better charge transport property.

Conclusions

In conclusion, four novel thionated NDIs have been successfully
synthesized and characterized through one step reaction from
commercially available Lawesson’s Reagent. Our results indicate
that the sulfur-substitutions C=S bond could significantly
modulate the LUMO level, band gap, absorption and electron
mobility. OTFT devices based on these materials were fabricated
and all measured results indicated that all compounds are typical
n-type semiconductors. The best performance was observed up to
0.01 cm? V! S and an on/off ratio close to 10°. Further research
showed that NDI-3S displayed best repeatability with lowest
LUMO level. Our research demonstrates that thionation should
be a feasible way to tune the optical and electrical property of
carbonyl-contained compound in the future.
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We demonstrated that the electron mobility of naphthalene diimide (NDI) in thin film transistors
(TFTs) under ambient conditions can be dramatically enhanced through a simple step reaction by
replacing oxygen atoms with sulfur atoms.





