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Abstract —Palladium-catalyzed Suzuki Miyaura cross coupling reactions (SM Coupling) are made using organoboronic acid
and halides. 9-(4-anthracene-9-yl-phenyl)-9H-carbazole (I11) was synthesized by using Ullman and Suzuki coupling reactions.
Structural analysis of the 9-(4-anthracene-9-yl-phenyl)-9H-carbazole (111) compounds obtained by this method has been
elucidated by *H-NMR. This compound was dissolved by chloroform and the borosilicate glass was coated with drop casting
method. Transmittance measurement of this film was taken and optical band value was determined. The heterojunction
structure (n-Si/lll) was fabricated by using the obtained compounds. The electrical properties of the fabricated photodiode

were investigated.
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I. INTRODUCTION

Studies in recent years show that carbazole-based molecules
have been grown rapidly and acquired increasing attention for
optoelectronics. Carbazole derivatives are well-known
electron rich systems using as hole-transporter and charge
transporter materials in OLED devices because of their well
thermal stability, high triplet energy, capability of glass
formation properties [1-4]. These molecules demonstrated
good performance as host materials of blue phosphorescent
OLEDs [5,6]. Also carbazole unit can be handily modified by
substitution at 9-position, thereby providing to increase the
solubility and tune the photophysical properties of the
molecule [7].

Since the invention of organic light-emitting diodes
(OLEDs) devices by Tang and VanSlyke in 1987 [8], many
new film-forming electroactive low molecular mass
compounds have been synthesized due to the large potential
applications of OLED devices such as flat-panel displays and
flexible display technologies. These compounds are used as
hole transport, electron transport, or emitting layers in
OLEDs. In conjugated molecules, generally higher hole
mobility is observed compared to the conjugated double
bonded systems in which unconjugated groups are separated
[9].

Anthracene derivatives have been extensively used as the
blue host material in OLEDs due to their great optical
properties, such as fluorescence emitters [10]. In addition, the
fluorescent color of anthracene can be easily adjusted from
blue to green as a result of binding symmetric or asymmetric
molecule groups at the C-9 and C-10 positions [11].

In this study, 9-(4-anthracene-9-yl-phenyl)-9H-carbazole
(1) was synthesized by using Ullman and Suzuki coupling
reactions of novel carbazole derivative. The film was coated
on n-Si and glass substrates using this material. The optical
band band gap value found from optical transmittance
measurements. The photodiode based on these small molecule

semiconductor was fabricated and electrical properties of this
device were investigated.

Il. MATERIALS AND METHOD

All reagents were commercial quality or purified before
using. The organic solvents used were HPLC grade or purified
by a standard procedure. The chemical structure and synthetic
route of the targeted material is shown in Figure 1.
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Fig 1. Synthetic rote of 9-(4-Antracen-9-yl-phenyl)-9H- carbazole IlI

2.1. Synthesis 9-(4-bromophenyl)-9H-carbazole (1)

1,4-dibromobenzene (5.3 g, 22.4 mmol), copper(l) iodide
(285 mg, 1.5 mmol), 1,10-phenanthroline (135 mg, 0.75
mmol), K2CO3z (4.1 g, 29.9 mmol) were added into carbazole
(2.5 g, 15.0 mmol) dissolved in 50 mL dry DMF inside a dual
necked flask and then the reaction was refluxed for 24 h under
nitrogen atmosphere. Then, this reaction mix reached to room
temperature and solvent was removed under vacuum.
Remaining residue was extracted by dichloromethane. The
product was then obtained by column chromatography on
silica gel with hexane as the eluent, to get white solid. Isolated
yield (1) (3.4 g, 71%). *H NMR (CDCls, 500 MHz): 7.20—
7.37 (m, 6H), 7.44 (d, 2H, J= 8.3 Hz), 7.69 (d, 2H, J= 8.3
Hz), 8.07 (d, 2H, J=7.6 Hz) (Fig. 2)
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2.2. Synthesis 9-(4-anthracene-9-yl-phenyl)-9H-carbazole
(mn

9-(4-bromophenyl)-9H-carbazole (0.2g, 1 eq) THF (15mL)
was dissolved in the flask 9-anthracene boronic acid (0.2g, 1.2
eq), KoCOz (2 M, 0.6 mL), tetrakis(triphenylphosphine)
palladium 3 mol% was added into it. The mixture was placed
magnetic stirrer operated at 70°C for 12h refluxed. After being
cooled, the mixture was extracted with CH.Cl,, and the
organic phase was washed with water, dried over Na,SO4 and
filtered. Solvent was evaporated under a vacuum, followed by
column chromatography over silica gel with a mixture of n-
hegzan as eluent, resulted in the product 9-(4-anthracene-9-yl-
phenyl)-9H-carbazole (I1l) as a white solid in 50% yield
(0.130 g). *H NMR (CDCls, 500 MHz): 8,60 (1H, s), 8.05
(3H, d, J=9.01 Hz), 7.73 (3H, d, J=8.82 Hz), 7.71 (2H, d,
J=8.53 Hz), 7.62 (1H, dd, J=8.89 Hz), 7.62 (1H, d, J=9.09
Hz), 7.46 (2H, t, J= 8.86 Hz), 7.45 (2H, dd, J=8.37), 7.44
(2H, d, J=8.86 Hz), 7.37 (2H, dd, J=6.34 Hz), 7.35 (2H, dd,
J=6.525 Hz) (Fig. 3)

The 9-(4-anthracene-9-yl-phenyl)-9H-carbazole (I11) was
ultrasonically dispersed in chloroform for 2 h. The solutions
were coated onto the surface of n-Si and borosilicate
substrates using drop-casting method and n-Si/p-Ill
heterojunction diode was made. In this structure, gold top
contact and silver bottom contact were used. Gold was
evaporated in VAKSIS PVD system and for silver bottom
contact silver paint was used. *H NMR of the Il and 111 were
obtained on a BRUKER DPX FT NMR (500 MHz) and (125
MH2z) spectrometers at 298 K (Germany). The transmittance
measurement of the Il was performed with SHIMADZU
UV2450 UV-vis scanning spectrometer. The current-voltage
(1-V) characteristics of the photodiodes were recorded by a
semiconductor characterization system (KITHLEY 4200SCS)
and a solar cell measurement system (FYTRONIX SOLAR
CELL SYSTEM).

I1l. RESULTS

9-(4-bromophenyl)-9H-carbazole, 9-anthracene boronic
acid, tetrakis(triphenylphosphine) palladium and K,COs; were
used and the targeted Il was synthesized by using Suzuki-
Miyaura coupling reaction method. Chemical structure was
confirmed by *H NMR analysis method. In *H NMR (Figure
3) analysis of the targeted compound, totally 21 proton signals
were marked as 8.60 singlet, 8.05 duplet, 7.73 duplet, 7.71
duplet, 7.62 duplet, 7.46 triplet, 7.45 duplets to duplets, 7.44
duplet, 7.37 duplets to duplets and 7.35 duplet signals.
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Fig. 2 *H NMR spectra of 9-(4-bromophenyl)-9H-carbazole (11)
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Fig. 3 '™H NMR spectra of 9-(4-anthracene-9-yl-phenyl)-9H-
carbazole (I11)

The transmittance spectrum of the 9-(4-anthracene-9-yl-
phenyl)-9H-carbazole (111) film was measured in the range of
300-600 nm, as shown in Fig. 4. The transmittance is
over >74% in the visible region.
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Fig. 4 Transmittance spectra of 9-(4-anthracene-9-yl-phenyl)-9H-
carbazole (I11)

The optical band gap value (Eg) is determined by the Tauc
equation [12] using the of 9-(4-anthracene-9-yl-phenyl)-9H-
carbazole (111) film's transmittance graph. A plot of (chv)? vs.
photon energy graph is drawn for this and given in Fig. 5. The
Eq value of the film was obtained from the intercept of (athv)?
versus hv curve plotted and given in Fig. 5.

761



Caglar et al., ZnO nanopowders by Microwave Assisted Hydrothermal Method, ISAS2018-Winter, Samsun, Turkey

(cthv)’x1014 (V/m)2

0 B
22 24 26 28 3 32 34
hv (eV)

Fig. 5 (ahv)? vs. hv graph of 9-(4-anthracene-9-yl-phenyl)-9H-
carbazole (111)

The current-voltage characteristics of n-Si/p-111 photodiode
carried out under dark and various illumination intensities are
shown in Fig. 6. As seen in Fig.6, the current of the diodes in
reverse bias region increased with light illumination intensity,
whereas the forward current did not change with the
illumination. This indicates that the separation of electron-
hole pairs in reverse bias region is longer than that of forward
bias region. Therefore, the diodes exhibited the conventional
photoconducting mechanism. Under dark condition, the
diodes exhibited the rectifying behaviour.

Voltage (V)

Fig. 6 Current-Voltage graph of n-Si/lll photodiode

In order to analyse the photoconducting mechanism, we
used the relation, Ipy=aP™, where, o is a constant, lpy is the
photocurrent, m is an exponent and P is the illumination
intensity. The log(Jen)-logP graph is drawn to find the m
value. The plots of log ([Jpn) versus log([]) curves are shown
in Figure 7. The obtained O value of the photodiode was
found to be 0.53.
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Fig. 7. Photocurrent versus illumination intensity plot of n-Si/lll
photodiode

IV.CONCLUSION

9-(4-anthracene-9-yl-phenyl)-9H-carbazole (nn was
synthesized by using Ullman and Suzuki coupling reactions.
The structural analysis of this compound has been elucidated
by 'H-NMR and it confirms this structure. This compound
was dissolved by chloroform and the borosilicate glass was
coated with drop casting method. By using transmittance
measurement of the film, optical band value was determined
as 3.07 eV. The synthesized 9-(4-anthracene-9-yl-phenyl)-9H-
carbazole (111) was used to fabricate heterojunction structure
(n-Si/p-111). The obtained device exhibited photodiode
characteristic. Further investigations are continuing to
improve the photodiode performance of obtained device.
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