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C-H Direct Arylated 6H-Indolo[2,3-b]quinoxaline Derivative as
Thickness-Dependent Hole Injection Layer
Dai Dong,a Da Fang,b Hairong Li,a Caixia Zhu,a Xianghua Zhao,c Jiewei Li,a Lingzhi Jin,b Linghai Xie,b

Lin Chen,d Jianfeng Zhao,*a,b Hongmei Zhang,*b Wei Huang*a,b

Abstract: A novel perfluoro-1,4-phenylenyl 6H-indolo[2,3-
b]quinoxaline derivative (TFBIQ) was designed and synthesized
using a C-H direct arylation method. The optoelectrical properties of
the obtained TFBIQ were fully characterized by ultraviolet-visible
spectroscopy, photoluminescence spectroscopy, cyclic voltammetry,
and a group of Alq3-based green organic light-emitting diodes
(OLEDs). Device A using 0.5 nm-thick TFBIQ as the interfacial
modification layer exhibits the best five advantages of device
performance including the lowest minimum turn-on voltage as low as
3.1 V, the maximum luminescence intensity as high as 26564 cd m-2,
the highest current density value as 348.9 mA cm-2 at the voltage of
11 V, the smallest efficiency rolling-off, as well as the biggest power
efficiency as 1.46 lm W-1 prior to all of other devices with thicker
TFBIQ and also 10 nm-thick MoO3 as hole injection layers (HIL). As
a promising candidate as organic HIL material, the as-prepared
TFBIQ exhibits a strong thickness effect on the performance of
corresponding OLEDs. Besides, the theoretical calculated vertical
Ionization potential of the fluorinated TFBIQ presents a clue for a
better anti-oxidation stability than that of the non-fluorinated
structure.

Introduction

During the past decades, organic light-emitting diodes
(OLEDs) have attracted an enormous research engagement
because of their prosper applications in the fields of solid-state
lighting and flexible optoelectronic displays.1-4 In order to
increase the illuminated efficiency of emitting devices, great
improvements have been achieved including optimizing device
structures, exploring novel emitting materials5-8 and adjusting the
carrier buffer ability9 by enhancing the transport of electron than

hole between the active layers.10, 11 Especially, the electron–hole
balance between the active layers determines the specific
performance of the sandwiched-like light-emitting device. It has
been proved that the modification of the electrode/organic
interface could exert influence on the carrier injection to improve
the device performance.12-14 Therefore, it is significant to develop
suitable HIL materials inserted between the hole transport layer
and the transparent anode to optimize the charge injection and
transport balance.15-17 Up to now, a few but insufficient organic
HIL materials including 2-TNATA, m-MTDATA,18 CuPc,19 and
PEDOT:PSS12 have been developed to compete with the non-
renewable inorganic HIL materials.20-23 In this situation, it is
emergent to discover more novel, low cost, eco-friendly, and
large-scale preparative organic HIL materials. However, there
are few reports about the application of 6H-indolo[2,3-
b]quinoxaline derivatives (IQs) as the HIL material. Since the
discovery,24 IQs have not only many significant applications in
biochemistry and medicinal chemistry25-29 but also in recent
material science as electron transport and light-emitting layers of
organic electronic devices30-35 due to their unique π-conjugated
structures and exceptional stabilities. Although the synthetic
methods and mechanisms have been systematically studied,36-
38 the related C-C coupling methods are usually not eco-
friendly32, 35 due to the more toxic organic tin reagents or harsh
organic lithium reagents than C-H direct arylation.39, 40 Therefore,
the competitive research and development of eco-friendly
organic HIL materials represent an effective strategy for green
and sustainable electronics.41, 42

Scheme 1. The synthetic routine of TFBIQ, i) o-phenylenediamine, HOAc,
120 ℃ , N2, over night; ii) 3-(bromomethyl)heptane, tetrabutyl ammonium
bromide, K2CO3, DMF, 140 ℃ , 5h; iii) Pd(OAc)2, P(t-Bu)2Me-HBF4, K2CO3,
N,N-dimethyl acetamide, 150℃, N2, 10h.
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In this work, we reported a novel hole injection layer material
based on IQ derivative entitled 9,9'-(perfluoro-1,4-
phenylene)bis(6-(2-ethylhexyl)-6H-indolo[2,3-b]quinoxaline)
(TFBIQ) presented in Scheme 1. The molecule structure of
TFBIQ contains two IQ moieties and a bridged perfluoro-1,4-
phenylene group jointed by a facile C-H direct arylation.41, 43-46
Symmetrical tetrafluoro-substituted phenylene would promisingly
endow TFBIQ with low vertical Ionization potential (IPv) leading
to its anti-oxidation property (Table S1). The optoelectrical
properties, film morphologies, and thermal properties of TFBIQ
were measured by UV-visible (UV-vis), photoluminescence (PL)
spectra, cyclic voltammetry (CV), atomic force microscopy
(AFM), thermo-gravimetric analysis (TGA), and differential
scanning calorimetry (DSC) analysis. We also fabricated several
green OLEDs to verify the usability test of TFBIQ as the HIL.

Results and Discussion

Synthesis. The synthesis of the IQ derivatives were
accomplished as illustrated in Scheme 1. 9-BrIQ was prepared
by the acid catalyzed cyclocondensation47-49 from bromoisatin
and o-phenylenediamine as a yellow precipitate in 84% yield
which was directly used for the next step without further
purification. 9-BrC8IQ was obtained via a N-alkylation reaction
from IQ and 3-(bromomethyl)heptane in the presence of K2CO3

in DMF with a yield of 50%. The target molecule TFBIQ was
obtained through the C-H direct arylation from 9-BrC8IQ and
1,2,4,5-tetrafluorobenzene using Pd(OAc)2 as the catalyst in
45% yield avoided the reported toxic and harsh condition. The
obtained chemicals were confirmed by 1H-NMR spectroscopy
and MALDI-TOF mass spectroscopy in good agreement with the
molecular structures presented in Scheme 1.

Photophysical properties. As presented in Figure 1 and Table
1, the photophysical behaviors of TFBIQ have been examined
by measuring absorption and fluorescence spectra in chloroform
solution with a concentration of 1.0×10-5 mol L-1 and solid film.
TFBIQ in solution exhibited two absorption bands at 360 nm and
410 nm. The optical energy gap was calculated as 2.75 eV in
solution. There was about 4 nm redshift for TFBIQ from 471 nm
in solution to 475 nm in solid film indicating the existence of a
rigid π-conjugation. Cyclic voltammetry (CV) (Figure 2b) was
measured to estimate highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO).
HOMO value was calculated to be -5.96 eV from the oxidation
potential according to the empirical equation HOMO = -[4.4 +
Eox].50 The LUMO value was subsequently calculated to be -3.21
eV according to the optical energy gap measured from the
optical edge listed in Table 1. The HOMO level of TFBIQ is
lower than the reported value of N4,N4'-di(naphthalen-1-yl)-
N4,N4'-diphenyl-[1,1'-biphenyl]-4,4'-diamine (NPB) and work
function of indium tin oxide (ITO)51 hinting the potential use as
the HIL in OLEDs.

Figure 1. UV-vis and PL spectra in chloroform (1.0×10-5 mol L-1) and in thin
film of TFBIQ.

Table 1. Physical and thermal properties of TFBIQ.

Materials λabs

[nm]

λmax,em

[nm]

HOMO/

LUMO[eV]

Gapopt
[eV]

Tg/Td

[℃]

TFBIQ 357, 408 471 5.96 / 3.21 2.75 N.D./411

Figure 2. (a) Cyclic voltammogram recorded for TFBIQ in dichloromethane; (b,
c) Wave functions for the HOMO and LUMO of TFBIQ molecule.
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The DFT calculation was performed to understand the
electronic structure of TFBIQ as shown in Figure 2b and 2c. The
HOMO delocalizes over the whole conjugated backbone
including indole, quinoxaline and perfluoro-1,4-phenylene.
LUMO just localizes on two quinoxaline moieties. The vertical
Ionization potential (IPv) for the fluorinated TFBIQ is -7.38 eV
(Table S1) which is high enough to prevent TFBIQ from the
oxidization. Besides, the IPv of TFBIQ is higher than the non-
fluorinated BIQ which hints TFBIQ could potentially adjust and
buffer the hole-injection behavior. The hole reorganization
energy of TFBIQ is 0.50 eV lower than 0.57 eV of BIQ indicating
a smaller energy loss for the hole transfer. Both of the two
properties suggest that fluorinated TFBIQ is much more suitable
for HIL material than non-fluorinated BIQ. TFBIQ also exhibits
good thermal stability with a very high decomposition
temperature (Td) due to the high molecular weight and the rigid
backbone. The value corresponding to 5% weight loss was
411℃ for TFBIQ (Table 1, Figure S5, S6).

Figure 3. (a) Schematic configuration of the OLEDs; (b) Energy band
diagrams of the OLEDs; (c) molecule structures of organic materials.

Table 2. The structures of the OLEDs showing the different layer thickness of
TFBIQ-HIL and MoO3 used in the devices.

Devices Structures
A ITO/TFBIQ (0.5 nm)/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7

nm)/Al (120 nm)
B ITO/TFBIQ (1 nm)/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7

nm)/Al (120 nm)
C ITO/TFBIQ (1.5 nm)/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7

nm)/Al (120 nm)
D ITO/TFBIQ (2 nm)/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7

nm)/Al (120 nm)
X ITO/MoO3 (10 nm)/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7

nm)/Al (120 nm)

Electroluminescent (EL) performance. In order to evaluate the
ability of TFBIQ to adjust the electron/hole injection and the
transport balance, five OLED devices were fabricated using
TFBIQ or MoO3 as the HIL materials with thickness from 0.5, 1,
1.5 to 2 nm (Device A, B, C, and D) for the former and 10 nm
(Device X) for the latter, respectively. Their EL characteristics
were measured using a general device configuration of
ITO/TFBIQ or MoO3/NPB (80 nm)/Alq3 (60 nm)/LiF (0.7 nm)/Al
(120 nm) as shown in Figure 3a. Their device structures and
corresponding characteristics were listed in Table 2 and Table 3.
For comparison, the only difference between these devices is
the alternative HIL materials with different thickness.

Table 3. The summary of OLEDs characteristics.

Device
Von

(V)a)
Lmaxb)

(cd m-2)

LEmaxb)

(cd A-1)

PEmaxb)

(lm W-1)

EQEmax

c)

CIE

(x, y)d)

A/0.5nm 3.1 26564 4.10 1.46 1.36 0.30,0.55

B/1nm 3.5 22451 4.21 1.29 1.45 0.30,0.55

C/1.5nm 4.9 20008 4.10 1.09 1.58 0.30 0.55

D/2nm 6.5 19768 4.05 0.95 1.41 0.31,0.54

X/10 nm 3.1 22183 5.04 2.12 - 0.30 0.55

a) Von, Turn-on voltages at 1 cd m-2; b) Lmax, maximum luminance; PEmax,
maximum power efficiency; LEmax, maximum luminance efficiency; c) EQEmax,
maximum external quantum efficiency; d) CIE coordinates were recorded at 9
V for devices A-D.

Figure 4 presents the current density–voltage–luminance (J–
V–L), and luminance efficiency–luminance (LE–L)
characteristics with the main parameters tabulated in Table 3.
As shown in the J–V–L graph and parameters in Table 3, device
A and B using 0.5 nm- and 1 nm-thick TFBIQ as the interfacial
modification layer exhibit a good minimum turn-on voltage (Von)
as low as 3.1 V and 3.5 V at 1 cd m-2. These two values are
almost the same as 3.1 V which is the same as the Von value of
device X with 10 nm-thick MoO3, respectively. Especially, the
maximum luminescence intensity (Figure 4a, rightwards arrows)
reaches as high as 26564 cd m-2 of device A surpassing over
22451 cd m-2 of device B and also 22183 cd m-2 of device X with
MoO3 as the HIL. Besides, at the voltage of 11 V, the current
density (J) (Figure 4a, leftwards arrows) of devices A-D were
348.9 mA cm-2, 137.7 mA cm-2, 21.1 mA cm-2, 5.4 mA cm-2,
respectively. It is obvious that device A exhibits the best J which
is 2.1 times than the corresponding value as 167.7 mA cm-2 of
device X. When the thickness of TFBIQ increased to 1.5 nm and
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2 nm, the Von values of device C and D reach as high as 4.9 V
and 6.5 V. It is indicated that these turn-on voltages of TFBIQ
HIL based OLEDs have strong dependence on the HIL
thickness. Meanwhile, the corresponding maximum luminance
efficiencies (LE) measured on devices A-D were rather close as
high as 4.10 cd A-1, 4.21 cd A-1, 4.10 cd A-1, and 4.05 cd A-1,
respectively, reaching 4/5 of the LEmax value as 5.04 cd A-1 of
device X (Figure 4b, Table 3).

Figure 4. The (a) J–V–L characteristics of devices A-D, X; (b) luminance
efficiency–luminance characteristics of devices A-D, X; (c) power efficiency–
luminance characteristics of devices A-D, X.

As shown in Figure 4b and Table 3, it is found that devices A-
D with the thinner TFBIQ as the HIL exhibited better device
stability with reduced efficiency rolling-off. At the same
luminance intensity of 19000 cd m-2, there were 89.3%, 78.3%,
80.2%, and 73.3% efficiency rolling-off while the LE of TFBIQ in
devices A-D reaching 3.66, 3.30, 3.29 and 2.97 cd A-1 compared
to their LEmax, respectively. Among them, Device A presented
the best device stability quite close to 89.2% efficiency rolling-off
of device Xwhen its LE arrived at 4.50 cd A-1 divided by its LEmax

(5.04 cd A-1). As shown in Figure 4c, device A exhibited the best
performance of PEmax as 1.46 lm W-1 larger than the values from
1.29, 1.09 to 0.95 lm W-1 of device B, C, and D presenting a
gradually reasonable rolling-off. However, the external quantum
efficiency (EQE) of device A reached 1.36% which is lower than
that of other three device B, C and D with higher EQE as 1.45%,
1.58%, and 1.41%, respectively.

Figure 5. AFM topographic (a-d), height (e-h), and inset roughness images of
vapor deposited TFBIQ on Si substrates with four different thickness: 0.5 nm
(a, e), 1 nm (b, f), 1.5 nm (c, g), and 2 nm (d, g).

Figure 6. EL spectra of devices A-D at 9 V.

The operating voltage exhibited an obvious growth trend while
the LE and PE values show a decreasing tendency. It is
indicated that the optimized thickness of 0.5 nm was the most
suitable physical parameter leading to the best
electroluminescent performance of hole injective TFBIQ-based
devices. It should be noted that the similar but lower HOMO

10.1002/asia.201700112Chemistry - An Asian Journal
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levels -5.96 eV of TFBIQ than -5.4 eV of NPB leading to the
enhanced hole balance and transfer from TFBIQ-modificated
ITO to higher energy stated NPB layer. Meanwhile, the quite
close HOMO level of TFBIQ to that of MoO3 (-5.6 eV)51 suggests
a reasonable explanation for the comparative performance
(Table 3) of TFBIQ-based OLED devices.

Figure 5 presents the AFM 5 μm × 5 μm topographic images
(5a-d) and phase images (5e-g) of the vapor deposited TFBIQ
films with the thickness from 0.5 nm, 1 nm, 1.5 nm to 2 nm on
bare Si substrates under vacuum with quite similar roughness
and gradually increased thickness shown by the inset images.
All the surface morphologies are determined as quite similar
smoothing patterns without remarkable grain domains which are
favorable for the homogeneous interface modification of ITO
electrode. The modificated interface impedes the lateral TFBIQ
molecular diffusion and suppresses the TFBIQ molecular
crystallization implying the degradation of device stability. Figure
6 shows the EL spectra of devices A-D driven at 9 V. It is clearly
seen that the Alq3 green light emission (peaking at ~515 nm)
can be observed in all devices.

Conclusions

In summary, a fluorinated 6H-indolo[2,3-b]quinoxaline
derivative TFBIQ synthesized via the palladium-catalyzed C-H
direct arylation was successfully used as the HIL in Alq3 based
green electroluminescent devices. When the thickness ranges
from 0.5 nm to 1 nm, device A with 0.5 nm-thick TFBIQ as the
HIL exhibits the best device performance, especially, in the four
aspects of Von, Lmax, J and the lowest efficiency rolling-off close
to that of device X with MoO3 as the HIL. These results reveal
that TFBIQ would be a pioneer IQ-based molecule for a new
series of highly performed HIL materials suitable for green and
sustainable organic light-emitting diodes.

Experimental Section

Materials. 5-Bromoisatin, 3-(bromomethyl)heptane, tetra(n-
butyl)ammonium bromide (TBAB), Pd(OAc)2, 1,2,4,5-tetrafluorobenzene
and P(t-Bu)2Me-HBF4 were purchased from Nanjing Fountain Global
Displays and ENERGY CHEMICIAL. Other reagents and solvents were
purchased from Sinophorm Chemical Reagent Co., Ltd. All solvents were
used without further purification.

Synthesis of 9-bromo-6H-indolo[2,3-b]quinoxaline (9-BrIQ). A
mixture of 5-bromoisatin (2.26 g, 10 mmol), benzene-1,2-diamine (1.62 g,
15 mmol) and acetic acid (60 ml) under nitrogen atmosphere was heated
at 80℃ and stirred over night. After cooling to room temperature, the
reaction mixture was filtered, dried in vacuum oven and gave a yellow
solid 2.43 g with a yield of 84%. The solid was directly used for the next
step.

Synthesis of 9-bromo-6-(2-ethylhexyl)-6H-indolo[2,3-b]quinoxaline
(9-BrC8IQ). 9-BrIQ (2.98 g, 10 mmol), 3-(bromomethyl)heptane (3.10 g,
15 mmol), and TBAB (0.32 g, 1 mmol) were dissolved with 20 ml of DMF
in a 100 ml round-bottom flask. K2CO3 (4.14 g, 30 mmol) was then added
to the solution. The mixture was stirred at 140℃ for 5 h. After cooling to
ambient temperature the solution was poured into saturated NaCl
solution, stirred for 30 min, and then extracted with dichloromethane. The
combined organic layer was dried over anhydrous MgSO4, filter and

evaporated to dryness. The residue was purified by silica gel column
chromatography using petroleum ether/ethyl acetate mixed solvent as
eluent. A yellow solid as 9-BrC8IQ with a yield of 50% was obtained after
drying in vacuum oven. 1H NMR (400 MHz, CDCl3) δ 8.61 (s, 1H), 8.29 (d,
J = 8.4 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.77 (t, J = 8.5 Hz, 2H), 7.69 (t,
J = 8.3 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 4.35 (d, J = 7.5 Hz, 2H), 2.15 (m,
1H), 1.51 – 1.27 (m, 6H), 1.25 (m, 2H)., 0.94 (t, J = 7.5 Hz, 3H), 0.85 (t, J
= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 145.90, 143.14, 140.89,
139.38, 138.39, 133.19, 129.38, 128.96 , 127.98, 126.09, 125.26, 121.07,
113.44, 111.09, 45.53, 38.49, 30.66, 28.48, 24.11, 22.92, 13.95 , 10.63.
GC-MS calculated for C22H24BrN3, 410.35; found 410.9.

Synthesis of 9,9'-(perfluoro-1,4-phenylene)bis(6-(2-ethylhexyl)-6H-
indolo[2,3-b] quinoxaline) (TFBIQ). A 50 ml round-bottom flask
containing a magnetic stirring bar was flame-dried under vacuum and
filled with nitrogen after cooling to room temperature. 9-BrC8IQ (410 mg,
1 mmol), K2CO3 (345 mg, 2.5 mmol), Pd(OAc)2 (11 mg, 0.05 mmol), and
P(t-Bu)2Me-HBF4 (25 mg, 0.1 mmol) were added to this vessel. The flask
was evacuated and backfilled with nitrogen for 3 times. Then, 1,2,4,5-
tetrafluorobenzene (120 mg, 0.8mmol) and the solvent N,N-
dimethylacetamide (10 ml) were added with stirring at room temperature
for several minutes. The flask was then placed into oil bath, heated to
150℃ and refluxed overnight. After cooling to room temperature, the
reaction mixture was poured into saturated NaCl solution, stirred for 1 h,
and then extracted with dichloromethane. The organic layer was dried
over anhydrous Na2SO4, filtered and evaporated to dryness. The crude
product was purified by flash column chromatography using petroleum
ether/ethyl acetate mixed solvent as eluent, to afford a desired product
TFBIQ after drying in vacuum oven, 182 mg, yield 45%. 1H NMR (400
MHz, CDCl3) δ 8.74 (s, 2H), 8.35 (d, J = 8.4, Hz, 2H), 8.17 (d, J = 8.5 Hz,
2H), 7.90 (d, J = 8.4 Hz, 2H), 7.80 (t, J = 8.4 Hz, 2H), 7.72 (t, J = 8.2 Hz,
2H), 7.64 (d, J = 8.2 Hz, 2H), 4.45 (d, J = 7.5 Hz, 4H), 2.30-2.20 (m, 2H),
1.46 (m, 12H), 1.29 (m, 4H), 1.00 (t, J = 7.4 Hz, 6H), 0.89 (t, J = 7.2 Hz,
6H); 13C NMR (100 MHz, CDCl3) δ 146.34, 144.78, 140.86, 139.48 (d, J
= 8.8 Hz), 132.58, 129.45, 128.90, 128.05 , 126.16, 124.63, 119.82 (d, J
= 9.4 Hz), 109.91, 45.65, 38.65, 30.74, 28.54, 24.19, 23.01, 14.01, 10.67.
MALDI-TOF MS: calcd for C50H48F4N6 808.95, found 811.74.

Methods. 1H NMR and 13C NMR spectra were measured on a Bruker
ARX 400 spectrometer. The UV-vis absorption and fluorescence spectra
were recorded on a Shimadzu UV-1750 and Hitachi F-4600
spectrophotometer, respectively. MS were collected on MALDI TOF2
AXIMA mass spectrometer. The glass transition temperatures of
compounds were determined under a nitrogen atmosphere by DSC using
a NETZSCH DSC214 Polyma instrument. The decomposition
temperature corresponding to 5% weight loss was conducted on a
METTLER TOLEDO TGA2 thermal analyzer. Density function theory
(DFT) at the B3LYP/6-31G(d)52 level was implemented to optimize the
geometry and calculate the electronic structure of the rigid TFBIQ
molecular structure in Gaussian 09 software53 to relax the structure
fully.54 Cyclic voltammetry experiment was carried out using a three-
electrode system employing a glassy carbon electrode as the working
electrode, a Ag/Ag+ electrode as the reference electrode, and a Pt wire
as the counter electrode. The redox potentials were measured in
dichloromethane, using 0.1 M n-Bu4NPF6 as the supporting electrolyte
with a scan rate of 100 mV s-1.

Electroluminescent tests. The commercial ITO-coated glass substrates
with a sheet resistance of around 10 Ω/m2 were used as the anode,
which were successively rinsed with detergent, de-ionized water, acetone,
and isopropyl alcohol in an ultrasonic bath for 15 min, respectively. The
cleaned and dried ITO glass substrates were treated with oxygen plasma
for 5 min. The TFBIQ was evaporated at 220oC with four thickness from
0.5, 1, 1.5 to 2 nm. The OLEDs were prepared by thermal evaporation in
a high-vacuum system with the pressure less than 5×10-4 Pa. TFBIQ,
NPB, Alq3, 0.7 nm LiF and 120 nm Al were evaporated onto ITO in turn.
The evaporation rates were monitored by frequency counter, and
calibrated by Dektak 6 M Profiler (Veeco). The overlap area between ITO
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and Al electrodes was 16 mm2 as the emissive size of devices. The
devices have the same 80 nm NPB, 60 nm Alq3, 0.7 nm LiF, and 120 nm
Al. Figure 3 shows the energy level diagrams of the fabricated devices
and the molecular structures of TFBIQ, Alq3 and NPB used in these
devices. The current–voltage-brightness characteristics were measured
by using a Keithley source measurement unit (Keithley 2400 and Keithley
2000) with a calibrated silicon photodiode. All devices were measured
without encapsulation at room temperature.
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Figure S1. GC-MS of 9-BrC8IQ

Figure S2. 1H NMR of 9-BrC8IQ
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Figure S3. MALDI-TOF MS of TFBIQ
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Figure S4. 1H NMR of TFBIQ

Figure S5. TGA curve of TFBIQ
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Figure S6. DSC curve of TFBIQ

Table S1. Theoratical calculation of the symmetrical tetrafluorinated TFBIQ vs non fluorinated one.

Energy level

TFBIQ BIQ
Ground -2111.12214103 -1714.31059972
Ground+ -2110.85099264 -1714.05179844
cation -2110.85934041 -1714.06233165
Cation0 -2111.11223742 -1714.30033133
IPv -7.378327299646 (eV) -7.042345150592
IP
Hole
Reorganization
energy

0.496645601732 (eV) 0.56604065824

Method wb97xd/6-31g(d) wb97xd/6-31g(d)
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