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Abstract: In this study, newly substituted carbazole derxegti of S1; (2)-4-((9-isobutyl-9H-carbazol-3-
ylimino)methyl)phenol, S2; (2)-9-butyl- N-(2,3,4ditrethoxybenzylidine)-9H-carbazol-3-amine, S3; (Z(g-octyl-9H-
carbazol-3-ylimino)methyl)benzene-1,2-diol and S&Z)-3-((9-octyl-9H-carbazol-3-ylimino)methyl)benzei,2-diol
compounds are synthesized by using condensatiatioeabetween carbazole amines and aromatic alashyAll
synthesized carbazole Schiff bases are purified cbhystallizing from chloroform. The structural andptical
characterizations of synthesized compounds aresfigated by FT-IR (Fourier Transform-Infrared Spestopy),’H-
NMR (Proton Nuclear Magnetic Resonanc&JC-NMR (Carbon Nuclear Magnetic Resonance), LC-MSqyld
Chromatography-Mass Spectrometry) and temperatperdlent PL (Photoluminescence) measurements ofinations
of synthesized Schiff bases were confirmed by FTNRIR and microanalysis. Due to strongeconjugation and
efficient charge transfer from host material, threadol and complex bands centered at about ~2.16~artb eV are
observed in PL spectra for all samples. Their indaintensities depend on functional groups assediavith the
carbazole. These newly synthesized Schiff bases d@uconsidered as an active emissive layer fgardc light emitting
diodes.

Keywords: Carbazole, Carbazole Schiff Base, Synthesis, AQpfibaracterization, Photoluminescence, OLED.

1. INTRODUCTION For the synthesis of carbazole Schiff bases, aesblfree

Carbazoles and its derivatives have been receivgdeat method were used and showed luminescence propfHips

deal of interest due to their specific optical and In current work, since Schiff bases containing eadbyl
electrochemical properties, which could potentialhe groups are expected to have stronger conjugategtnsys
explored to some device applications, such as ordayht- higher intramolecular electron transfer efficieranyd more
emitting diodes (OLEDSs) [1], organic photovoltaievites stable structure than the general Schiff bases; fmvel
(OPVs) [2], organic field-effect transistors (OFEBT3], as carbazole based Schiff bases referred as S1, San&FH4
wells as fundamental points of view [4,5]. Sincee th were synthesized by condensation reaction between
carbazole derivatives have high triplet energy effitient carbazole amines and aromatic aldehydes, and ¢barad
energy transfer processes from hosts to dopedetripl by FT-IR, NMR, LC-MS, elemental analysis and
emitters, they can be used as host materials imlyhig temperature dependent PL spectroscopy.

efficient blue, green, or red electro-phosphoresc&vices

[6-10]. Numerous ways of functionalization of cazbkes or 2. MATERIALSAND METHODS

covalently linking to other molecules such as %6-2,7-

linking of carbazole molecules into dimers, trimeos 2.1 General

oligomers [11,12], addition of enamine [18hd others [14- In this study, all starting materials were purathgrom
18] are reported for the enhancement of their conjugete  Merck, Sigma-Aldrich and Fluka Co., and used afieether
electron system and hence for the efficient lighiteer. analytical purifications of solvents and chemicaitemials. A

silica gel with column chromatography was used for
chromatographic purifications. FT-IR spectra weadken
using Perkin Elmer BX 2 FTIR spectrometer. B&#hNMR
(400 MHz) and**C-NMR (100 MHz) spectra were obtained
from CDCk, CD,Cl, or CD;OD solvents. LC-MS spectra
Carbazole Schiff bases demonstrate that they haperisr ~ were recorded on Agilent Technologies-1260 Infir(ityC)
fluorescence emission and also their’Cd=€*, Cr* and 6130 Quadropole (MS) Mass Spectrometry using aitéten
CU?* complexes show extra fluorescence emission [20-23]as a solvent. Microanalyses were performed wittharifo

Polycarbazoles and their nanocomposite  films
(polycarbazole/nanoZn and polycarbazole/nanoclagijl
show protection of anodic corrosion on modifiedcaledes

to form metal conserved region [19].

*Address correspondence to this author atDepartment of Chemistry, Faculty of Science andratture, Balikesir University, 10145 Balikesir, Kay;
phone: + 90 266 612 10 00-1108; e-mditicek@balikesir.edu.tr
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Scientific  Flash 2000 elemental analyzer. Finally, excitation. The luminescence was collected by blégta
temperature dependent photoluminescence measuremenenses and then dispersed with a 500 mm spectromstey
were carried out on powders placed in a close-dycle 1200 line/mm grating and detected by Intensifiedai@k
cryostat in the temperature range of 10—-300 K awitagion Coupled Device (ICCD) camera.

densities between 0.01 and 1.04 Wicm frequency tripled

Nd:YLFQ-switched pulse laser at 349 nm were usedie

R-Br (4eq)
N N 1,2-dichloromethane 0-5 °C, 2 h
H 50 % NaOH, 8 h, 77 °C & R,
1
46
Carbazole 1-3 1) Pd/C, 70 °C, 30 min. degassed
0 Ry 2) NHy;NHyH,0, 5-12 h

ProductNo R, R, R; Ry R; Ethanol
L47  iCH, - - ;
258 nCHo - - -
3,69 nCgHj, - - -

Sl i-C,H, H H  OH CH3COOH (cat.)
S2 n-C4H9 OCH3 OCH’; OCH'; THF 25 OC N
S3  nCgH, H OH OH 2 Ry

S4  nGCgH;, OH OH H
S1-S4 6-9

Figure 1. Synthesis of the original carbazole Schiff bag&ils §2, S3 and S4)

2.2. Experimental S1 was obtained from p-hydroxybenzaldehyde and N-

. isobutyl-3-amine carbazole (7) following the gethera
General Procedure for Synthesis of Precursor Compgsu procedure for 5-6 h and then purified by recryEtatIon

The N-substituted carbazoles were prepared aca@ptdithe
. - with chloroform (80%. m.p.: 223-22%C). FT-IR (y cm™):
procedure reported in the literatyi@bs]. Carbazole, alkyl 1619 (conjugated) —CH=N- stretch, 1545 aromatic GC=

na(lji(rjoe)’(i(;gt;?e ?mesygz%urzﬁgd;deeﬁg& ‘;’v%rli/f’u sot(il:gm stretch, 743 1,2-d_isubstituted carba_zolyl ring’adheB22 and
Y ! 9 P, 858 1,2 ,4-trisubstituted carbazolyl ring’s bertd-NMR (400

crude products are obtained and then purified aveilica . ; ;
gel column chromatography (1-3). The N-substitutedzﬂgg’ CROD): 8 (Chemical Shiff) 0.92 (t, 6H), 1.83 (m, H),

. ; .30 (t, 2H), 5.33 (s, H), 6.91 (d, 2H), 7.18 (mhf)2 7.20
mononitrocarbazoles (4-6) were prepared accordinghé (m, H), 7.40 (m, 2H), 7.77 (m, 3H), 7.95 (s, BY7 (d, H)
procedure described in the literature [26]. Theudstituted g oo (’S .H) BeNMR (1'00 MHz (l,m.D)'é 20.33. 30.98
carbazolyl is nitrated with concentrated nitriccabelow 10 c2'540""19587 10907 111.76. 115.62 118.61 6]]_19
°C. The N-substituted monoamine carbazoles (7-9ewe 126 1'6 12'2 6§3 123' 2i 125' 7é 130' 48’ 139' 05' 6]343.
synthesized by using Pd/C and hydrazine hydratg [He 153.8 ' 159 '34’ 166 38’ Aﬁal ' Cak.: ,for 32 N o
original carbazole Schiff bases were synthesizddgul-  (\nZ34543) ¢ 80.67: H, 6.48; N, 8.18 Found:80,10:;
E;Zﬂggf:sgigzoéggigncalzrgizrglis(;vl't_g 4a)r.omat|cmtdb£ H, 6.60; N, 8.10%LC-MS (m/z):342.9 (M Molecular lon

d Peak”, CHCN, Error % = 0.1834)

General Procedure for Synthesis of Carbazole S&afes:
The original carbazole Schiff bases were synthdsizng
N-substituted monoamine carbazoles (7-9) with atmma S2 was obtained from 2,3,4-trimethoxybenzaldehyutk M-
aldehydes by condensation reaction. N-substitutedoutyl-3-amine carbazole (8) following tlgeneral procedure
monoaminocarbazoles (7-9) (1.398 mmol) and aromatic5-6 h and then purified by recrystallization withlaroform
aldehyde (1.398 mmol) were dissolved in 10 ml THF (71%, m.p.: 44-45C). FT-IR (» cm?): 1627 (conjugated) —
(Tetrahydrofuran) and refluxed in a 100 ml reacfilask for CH=N- stretch, 1601 aromatic —C=C- stretch, 745-1,2
24 hours. After that, one drop of acetic acid wedea to disubstituted carbazolyl ring's bend, 834 and 892,4t
solvent as a catalyst. As a result of condensatsattion trisubstituted carbazolyl ring’s bendH-NMR (400 MHz,
reddish color was observed. The target compound wa€£DCls): 6 0.96 (t, 3H), 1.42 (m, 2H), 1.87 (m, 2H), 3.94 (s,
separated by precipitation with the addition of evatfThe 9H), 4.30 (t, 2H), 6.82 (d, H), 7.24 (m, 2H), 7@l H), 7.46
crude product was filtered and washed with aquédasof §m, 2H), 7.48 (m, H), 8.02 (m, H), 8.14 (d, H), B.&, H).
NaHCQ;. The product was washed out with water and then’*C-NMR (100 MHz, CDG): & 13.92, 20.58, 31.18, 53.48,
dried. The final product was purified by recrystation 56.11, 60.99, 62.13, 108.0, 109.0, 112.4 (d), 1182.5,

3-(imine-2,3,4-trimethoxybenzene)-N-butyl carbazol e (S2).

with chloroform, Figure 1. 122.5,123.0, 123.5, 126.0, 139.1, 141.0, 142.0,61453.8,
. . 155.5, 156.1. Anal. Calc. for,gH,gN,0; (MW=416.51): C,
3~(imine-p-hydroxybenzen)-N-isobutylcarbazole (S1). 74.97- H, 6.78; N, 6.73. Founzgt:-i Z, %5.30(0; H, 6N56.7)0%.

LC-MS (m/z)415.0 (M, CHCN, Error % = 0.3625)
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3-(imine-3,4-dihydroxybenzene)-N-octyl carbazol e (S3).

S3 was obtained from 3,4-dihydroxybenzaldehyde BRd
octyl-3-amine carbazole (9) following tlyeneral procedure
for 5-6 h and then purified by recrystallization thwi
chloroform (53%, m.p.: 126-12%C). FT-IR ¢ cm?): 1625
(conjugated) —CH=N- stretch, 1594 aromatic —C=@=tsh,
743 1,2-disubstituted carbazolyl ring’s bend, 86id #00
1,2,4-trisubstituted carbazolyl ring’s bentH-NMR (400
MHz, CD,Cly): 8 0.87 (t, 3H), 1.28 (m, 10H), 1.84 (m, 2H),
4.24 (t, 2H), 5.32 (s, 2H), 6.92 (d, H), 7.14 H), 7.24 (m,
2H), 7.42 (m, 2H), 7.67 (d, 2H), 8.38 (d, HB.75 (s, H).
3C-NMR (100 MHz, CBCl,): & 13.78, 22.56, 27.21, 28.93,
29.13, 29.32, 31.75, 43.20, 108.57, 109.26, 11§XA3),
117.80, 120.09, 125.30, 125.35, 125.78, 125.92,0826
126.21, 135.0, 136.0, 139.0, 141.0, 145.0, 15068.0L
Anal. Calc. for G;H3;N,O, (MW=414.54). C, 78.23; H,
7.29; N, 6.76. Found: C, 78.10; H, 7.15; N, 6.60%-MS
(m/z):414.23 (M, CH:CN, Error % = 0.0748)

3-(imine-2,3-dihydroxybenzene)-N-octylcarbazole ($4).

S4 was obtained from 2,3-dihydroxybenzaldehyde BRd
octyl-3-amine carbazole (9) following thegeneral
proceduréor 5-6 h and then purified by recrystallization
with chloroform (78 %, m.p.: 105-10%). FT-IR (» cm®):
1619 (conjugated) —CH=N- stretch, 1600 aromatic GC=
stretch, 740 1,2-disubstituted carbazolyl ring'sdie822 and
982 1,2,4-trisubstituted carbazolyl ring’s bertd-NMR (400
MHz, CDCly): 6 0.88 (t, 3H), 1.30 (m, 10H), 1.90 (m,
2H), 4.33 (t, 2H), 5.33 (s, 2H), 6.85 (m, 2H)03 (d, H),
7.26 (t, 3H), 7.50 (m, 3H), 8.12 (d, H), 8.1¢, H), 8.81
(s, H). ®*C-NMR (100 MHz, CECl,):6 13.78, 22.57, 27.21,
28.91, 29.14, 29.31, 31.74, 43.27, 109.15, 109.482.46,
116.64, 118.55, 118.71, 119.09, 119.29, 120.40,.6022
123.36, 126.18, 138.0, 139.0, 141.0, 145.0, 15099.0.
Anal. Calc. for GH3N,O, (MW=414.54). C, 78.23; H,
7.29; N, 6.76. Found: C, 78.12; H, 7.16; N, 6.80%-MS
(m/z):414.23 (M, CH;CN, Error % = 0.0748)

4. RESULTS

The synthesized novel substituted carbazole déresi(S1,
S2, S3 and S4) by condensation reaction as dedcaibeve
are characterized by FT-IRH-NMR, *C-NMR, LC-MS
and temperature dependent PL measurements.

In FT-IR spectra, while the N-H stretch of Alkyldte
carbazolyl amine and aromatic aldehite carbonyl OC=
expected at 3355 cmand 1800 cm, respectively were
disappeared, typical azomethine —CH=N- bond stretth
1625+10 cm associated with carbazole Schiff basee we
clearly observed indicating their formation (segufe 1g-h,

Journal Name, 2014, Vol. 0, No.0 3

carbonyl band of aldehyde peak expected at 191 wam
vanished. The formation of the syntheses Schifebagere
confirmed by observing —CH=N- carbon band [A65.5-

163.0 ppm for azomethine (see Figure la-f, Figusee,2
Figure 3a-c, Figure 4a-c of the supporting infoioratfor

S1, S2, S3 and S4, respectively).

Furthermore, in LC-MS spectra the molecular iondbesere
observed at (V) 342.17, 416.21, 414.23 and 414.23 g/mol
for S1, S2, S3, and S4, respectively. Finally, eetal
analysis data verify the molecular structures ofvaho
carbazoly shift bases. Synthesized and charaatieaiteof
the original carbazole Schiff bases have an umimpéed
electron delocalization.

The pure powders placed in closed cycle cryostatewe
examined by PL over the temperature range of 180tb K
and excitation power density of 0.01 and 1.04 W/cfine
PL spectra at 300K are shown in Figure 2 along with
reference sample containing only carbazole for amspn.
The reference sample has several relatively nappeaks
over the spectral range between 2.5 and 3.3eV thithmost
intense peak situated at 2.95 eV. The PL specti@lofS2,
S3 and S4 show completely different character coathso
reference carbazole. Due to strongeiconjugation and
efficient charge transfer from host material to jogated
part of compounds, broad and complex bands centatred
about ~2.16 and ~1.76 eV are observed in PL spémtrall
samples.

Carbazole

i G

PL Intensity (a.u)

2,
Photon Energy (eV)

3 3,5

Figure 2: PL spectra of S1-S4 compared to carbazole taken
at room temparature.

The temperature and excitation density dependeffidyLo
spectra were examined for all four samples, andréBalts

Figure 2f-g, Figure 3d-e, Figure 4d-e in supporting are shown in Figure 3. As seen from the figures,dberall

information for S1, S2, S3 and S4, respectively)addition,
aldehyde’s carbonyl stretch (1723 Ymand amine’s —NH
stretch (3300 ci) which seems a double band disappeared.

These compounds showgtiNMR peaks for different kinds
of protons on their spectral data.'H-NMR spectra, -CHO
proton band of aldehyde and -Bpliroton band of amine
peaks expected at 9.88 ppm and 6.58 ppm were \ahish
The formation of syntheses Schiff bases were amefit by
observing —CH=N- proton band @.5-8.9 ppm (singlet) for
azomethine proton. Similarly, it*C-NMR spectra, —CHO

emission characters such as peak positions ande sbfp
spectra do not significantly change with temperturhe
peak intensities of two broad bands of samples &3,
remain almost constant over the entire temperatamges.

On the other hand, they increase very slightly hs t
temperature increases for sample S2. For sampleth®4,
peak intensity of the first broad peak centeredalbut
~2.16eV decreases, whereas that of second broakl pea
centered at about ~1.76 eV increases slightlyailhjtifrom

10 K to 60 K.



4 Journal Name, 2014, Vol. 0, No. 0

(@)

=——Experiment_S1

PL Intensity (a.u)

1 ! 1

15 2 25 3 35
Photon Energy (eV)

(©

=—Experiment_S3

/

PL Intensity (a.u)

300K
! L

15 35

2 2.5 3
Photon Energy (eV)

Principal Author Last Name et al.

(b)
=—Experimental_S2
Vo
/A
El
8
2
‘®
=
[]
-
=
.
o
300K
15 2 25 3 3.5
Photon Energy (eV)
(d)
=——Experiment_S4
i
\
\
\
5 \
it \
> \
-
] ]
c
2
=
-
o
i 300K =
1.5 2 25 3 3.5

Photon Energy (eV)

Figure 3. Temperature dependent PL spectra fo(e§1S2(b), S3(c) and S4(d). The inset shows an example of Gauss fitting

used for peak identification.

The total integrated intensities as a functioneshperature
and excitation density are shown in Figure 4 ofsalinples.
As seen from the Figure 4 (a) although the tottdgrated
intensities remain almost constant for sample Slar®l S4,
it increases steadily for sample S2 as the temperatses.
As seen from Figure 4(b), the total integrated Riensities
increase almost linearly for samples S2, S3 ancr&#the

The decomposed peaks are realized at 1.58, 108, 2.28
and 2.74 eV with varied peak and hence integrated
intensities contribute to total integrated inteiesitdepending

on samples. From these peak positions the speatrabe
divided into three spectral regions as near inféfg#35-690
nm), red-orange-yellow (620-540 nm) and blue (4581).rAs
clearly seen from the Figure 5, whereas the reaativ

power of X7 for sample S4 as the excitation density integrated intensity of one of the dominant emissimnd

increase.

To resolve these broad spectra that are composearious
emission bands, they were fitted using multiple €3&n
fittings. The best fits are obtained by assigninG&ussian
peaks as shown in the insets of Figure 3. The dposed
peaks and their relative integrated intensitiesmadized to
total integrated intensity for the spectra takenrabm
temperature are shown in Figure 5.

centered at about 2.28 eV decreases, the otherndami
emission band peaked at 2.04 eV increases fromlsaBip
to sample S4.
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Figure4. The total integrated intensity versus excitatiower density(a) and temperaturg) for all samples.

The normalized integrated intensity of the secondstm CONCLUSIONS
dominant emission band observed at 1.78 eV alserdepn = | substituted bazole derivati fbas S1
samples, hence the functional group connectedrtmazale. our novel substituted carbazole dervatives reteis S-,

The other lower intensity emission bands 1.58 aiid Bave S2, S3 and S4 were successfully synthesized using

relatively lesser dependence on samples. From thigondensation reaction between carbazole amines and
observation, it could be argued that this newlytisgsized aromatic aldehydes. All synthesized carbazole Sdfsfes

Shift bases could be optimized and investigateth@irto were puri'fied by crystallizing from chloroform. Thevere
obtain an emission with different white light color characterized structurally by means of FT-IR, NMRda
temperature or single emission bands from blue ¢arn Microanalysis and = confirmed their formations. The
infrared region of the spectrum. By introducingfelient ~ témperature and excitation power density dependdint

transition metals or rare-earth materials to maiatrix measurements were also carried out for optical
structure, the studies could be extended more dathdr characterization. The broad and complex bandsepehtat

investigations. about ~2.16 and ~1.76 eV are observed in PL spémtrall
samples compared to reference carbazole host wmlateri
which indicate an efficient charge transfertta@onjugated

0,5 —
--:--$§:'§;%1f§g§mg§:m systems. Their relative intensities depend on fonet
groups associated with the carbazole. These newly
5. 0,4 --@--Peak 5 @ 2.74 eV (453 nm) synthesized Schiff bases could be considered aactive
= emissive or electron/hole transport layer for orgdight
§ P S o | emitting diodes. Further systematic investigatiaressneeded
E93 . Bt EECEEE Lt to identify the origin of emission bands and optenithe
:Ej, =" structure for designated purposes.
©
=3
£0.2
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$1 52 S3 S4 SUPPLEMENTARY MATERIAL

All FT-IR, *H-NMR, *C-NMR, LC-MS spectra (Figure

Figure 5. The relative integrated intensities of decomposed1-4) for S1-S4 are given in supportive/supplemantar

emission peaks deduced by Gaussian fittings fopkai®1, material.
S2, S3 and S4. The peaks for each sample are placed
vertically. The dashed line is drawn for eye-guide.
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Abstract: In this study, newly substituted carbazole derxegti of S1; (2)-4-((9-isobutyl-9H-carbazol-3-
ylimino)methyl)phenol, S2; (2)-9-butyl- N-(2,3,4ditrethoxybenzylidine)-9H-carbazol-3-amine, S3; (Z(g-octyl-9H-
carbazol-3-ylimino)methyl)benzene-1,2-diol and S&Z)-3-((9-octyl-9H-carbazol-3-ylimino)methyl)benzei,2-diol
compounds are synthesized by using condensatiatioeabetween carbazole amines and aromatic alashyAll
synthesized carbazole Schiff bases are purified cbhystallizing from chloroform. The structural andptical
characterizations of synthesized compounds aresfigated by FT-IR (Fourier Transform-Infrared Spestopy),’H-
NMR (Proton Nuclear Magnetic Resonanc&JC-NMR (Carbon Nuclear Magnetic Resonance), LC-MSqyld
Chromatography-Mass Spectrometry) and temperatperdlent PL (Photoluminescence) measurements ofinations
of synthesized Schiff bases were confirmed by FTNRIR and microanalysis. Due to strongeconjugation and
efficient charge transfer from host material, threadol and complex bands centered at about ~2.16~artb eV are
observed in PL spectra for all samples. Their indaintensities depend on functional groups assediavith the
carbazole. These newly synthesized Schiff bases d@uconsidered as an active emissive layer fgardc light emitting
diodes.

Keywords: Carbazole, Carbazole Schiff Base, Synthesis, AQpfibaracterization, Photoluminescence, OLED.

1. INTRODUCTION For the synthesis of carbazole Schiff bases, aesblfree

Carbazoles and its derivatives have been receivgdeat method were used and showed luminescence propfHips

deal of interest due to their specific optical and In current work, since Schiff bases containing eadbyl
electrochemical properties, which could potentialhe groups are expected to have stronger conjugategtnsys
explored to some device applications, such as ordayht- higher intramolecular electron transfer efficieranyd more
emitting diodes (OLEDSs) [1], organic photovoltaievites stable structure than the general Schiff bases; fmvel
(OPVs) [2], organic field-effect transistors (OFEBT3], as carbazole based Schiff bases referred as S1, San&FH4
wells as fundamental points of view [4,5]. Sincee th were synthesized by condensation reaction between
carbazole derivatives have high triplet energy effitient carbazole amines and aromatic aldehydes, and ¢barad
energy transfer processes from hosts to dopedetripl by FT-IR, NMR, LC-MS, elemental analysis and
emitters, they can be used as host materials imlyhig temperature dependent PL spectroscopy.

efficient blue, green, or red electro-phosphoresc&vices

[6-10]. Numerous ways of functionalization of cazbkes or 2. MATERIALSAND METHODS

covalently linking to other molecules such as %6-2,7-

linking of carbazole molecules into dimers, trimeos 2.1 General

oligomers [11,12], addition of enamine [18hd others [14- In this study, all starting materials were purathgrom
18] are reported for the enhancement of their conjugete  Merck, Sigma-Aldrich and Fluka Co., and used afieether
electron system and hence for the efficient lighiteer. analytical purifications of solvents and chemicaitemials. A

silica gel with column chromatography was used for
chromatographic purifications. FT-IR spectra weadken
using Perkin Elmer BX 2 FTIR spectrometer. B&#hNMR
(400 MHz) and**C-NMR (100 MHz) spectra were obtained
from CDCk, CD,Cl, or CD;OD solvents. LC-MS spectra
Carbazole Schiff bases demonstrate that they haperisr ~ were recorded on Agilent Technologies-1260 Infir(ityC)
fluorescence emission and also their’Cd=€*, Cr* and 6130 Quadropole (MS) Mass Spectrometry using aitéten
CU?* complexes show extra fluorescence emission [20-23]as a solvent. Microanalyses were performed wittharifo

Polycarbazoles and their nanocomposite  films
(polycarbazole/nanoZn and polycarbazole/nanoclagijl
show protection of anodic corrosion on modifiedcaledes

to form metal conserved region [19].

*Address correspondence to this author atDepartment of Chemistry, Faculty of Science andratture, Balikesir University, 10145 Balikesir, Kay;
phone: + 90 266 612 10 00-1108; e-mditicek@balikesir.edu.tr
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Scientific  Flash 2000 elemental analyzer. Finally, excitation. The luminescence was collected by blégta
temperature dependent photoluminescence measuremenenses and then dispersed with a 500 mm spectromstey
were carried out on powders placed in a close-dycle 1200 line/mm grating and detected by Intensifiedai@k
cryostat in the temperature range of 10—-300 K awitagion Coupled Device (ICCD) camera.

densities between 0.01 and 1.04 Wicm frequency tripled

Nd:YLFQ-switched pulse laser at 349 nm were usedie

R-Br (4eq)
N N 1,2-dichloromethane 0-5 °C, 2 h
H 50 % NaOH, 8 h, 77 °C & R,
1
46
Carbazole 1-3 1) Pd/C, 70 °C, 30 min. degassed
0 Ry 2) NHy;NHyH,0, 5-12 h

ProductNo R, R, R; Ry R; Ethanol
L47  iCH, - - ;
258 nCHo - - -
3,69 nCgHj, - - -

Sl i-C,H, H H  OH CH3COOH (cat.)
S2 n-C4H9 OCH3 OCH’; OCH'; THF 25 OC N
S3  nCgH, H OH OH 2 Ry

S4  nGCgH;, OH OH H
S1-S4 6-9

Figure 1. Synthesis of the original carbazole Schiff bag&ils §2, S3 and S4)

2.2. Experimental S1 was obtained from p-hydroxybenzaldehyde and N-

. isobutyl-3-amine carbazole (7) following the gethera
General Procedure for Synthesis of Precursor Compgsu procedure for 5-6 h and then purified by recryEtatIon

The N-substituted carbazoles were prepared aca@ptdithe
. - with chloroform (80%. m.p.: 223-22%C). FT-IR (y cm™):
procedure reported in the literatyi@bs]. Carbazole, alkyl 1619 (conjugated) —CH=N- stretch, 1545 aromatic GC=

na(lji(rjoe)’(i(;gt;?e ?mesygz%urzﬁgd;deeﬁg& ‘;’v%rli/f’u sot(il:gm stretch, 743 1,2-d_isubstituted carba_zolyl ring’adheB22 and
Y ! 9 P, 858 1,2 ,4-trisubstituted carbazolyl ring’s bertd-NMR (400

crude products are obtained and then purified aveilica . ; ;
gel column chromatography (1-3). The N-substitutedzﬂgg’ CROD): 8 (Chemical Shiff) 0.92 (t, 6H), 1.83 (m, H),

. ; .30 (t, 2H), 5.33 (s, H), 6.91 (d, 2H), 7.18 (mhf)2 7.20
mononitrocarbazoles (4-6) were prepared accordinghé (m, H), 7.40 (m, 2H), 7.77 (m, 3H), 7.95 (s, BY7 (d, H)
procedure described in the literature [26]. Theudstituted g oo (’S .H) BeNMR (1'00 MHz (l,m.D)'é 20.33. 30.98
carbazolyl is nitrated with concentrated nitriccabelow 10 c2'540""19587 10907 111.76. 115.62 118.61 6]]_19
°C. The N-substituted monoamine carbazoles (7-9ewe 126 1'6 12'2 6§3 123' 2i 125' 7é 130' 48’ 139' 05' 6]343.
synthesized by using Pd/C and hydrazine hydratg [He 153.8 ' 159 '34’ 166 38’ Aﬁal ' Cak.: ,for 32 N o
original carbazole Schiff bases were synthesizddgul-  (\nZ34543) ¢ 80.67: H, 6.48; N, 8.18 Found:80,10:;
E;Zﬂggf:sgigzoéggigncalzrgizrglis(;vl't_g 4a)r.omat|cmtdb£ H, 6.60; N, 8.10%LC-MS (m/z):342.9 (M Molecular lon

d Peak”, CHCN, Error % = 0.1834)

General Procedure for Synthesis of Carbazole S&afes:
The original carbazole Schiff bases were synthdsizng
N-substituted monoamine carbazoles (7-9) with atmma S2 was obtained from 2,3,4-trimethoxybenzaldehyutk M-
aldehydes by condensation reaction. N-substitutedoutyl-3-amine carbazole (8) following tlgeneral procedure
monoaminocarbazoles (7-9) (1.398 mmol) and aromatic5-6 h and then purified by recrystallization withlaroform
aldehyde (1.398 mmol) were dissolved in 10 ml THF (71%, m.p.: 44-45C). FT-IR (» cm?): 1627 (conjugated) —
(Tetrahydrofuran) and refluxed in a 100 ml reacfilask for CH=N- stretch, 1601 aromatic —C=C- stretch, 745-1,2
24 hours. After that, one drop of acetic acid wedea to disubstituted carbazolyl ring's bend, 834 and 892,4t
solvent as a catalyst. As a result of condensatsattion trisubstituted carbazolyl ring’s bendH-NMR (400 MHz,
reddish color was observed. The target compound wa€£DCls): 6 0.96 (t, 3H), 1.42 (m, 2H), 1.87 (m, 2H), 3.94 (s,
separated by precipitation with the addition of evatfThe 9H), 4.30 (t, 2H), 6.82 (d, H), 7.24 (m, 2H), 7@l H), 7.46
crude product was filtered and washed with aquédasof §m, 2H), 7.48 (m, H), 8.02 (m, H), 8.14 (d, H), B.&, H).
NaHCQ;. The product was washed out with water and then’*C-NMR (100 MHz, CDG): & 13.92, 20.58, 31.18, 53.48,
dried. The final product was purified by recrystation 56.11, 60.99, 62.13, 108.0, 109.0, 112.4 (d), 1182.5,

3-(imine-2,3,4-trimethoxybenzene)-N-butyl carbazol e (S2).

with chloroform, Figure 1. 122.5,123.0, 123.5, 126.0, 139.1, 141.0, 142.0,61453.8,
. . 155.5, 156.1. Anal. Calc. for,gH,gN,0; (MW=416.51): C,
3~(imine-p-hydroxybenzen)-N-isobutylcarbazole (S1). 74.97- H, 6.78; N, 6.73. Founzgt:-i Z, %5.30(0; H, 6N56.7)0%.

LC-MS (m/z)415.0 (M, CHCN, Error % = 0.3625)
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3-(imine-3,4-dihydroxybenzene)-N-octyl carbazol e (S3).

S3 was obtained from 3,4-dihydroxybenzaldehyde BRd
octyl-3-amine carbazole (9) following tlyeneral procedure
for 5-6 h and then purified by recrystallization thwi
chloroform (53%, m.p.: 126-12%C). FT-IR ¢ cm?): 1625
(conjugated) —CH=N- stretch, 1594 aromatic —C=@=tsh,
743 1,2-disubstituted carbazolyl ring’s bend, 86id #00
1,2,4-trisubstituted carbazolyl ring’s bentH-NMR (400
MHz, CD,Cly): 8 0.87 (t, 3H), 1.28 (m, 10H), 1.84 (m, 2H),
4.24 (t, 2H), 5.32 (s, 2H), 6.92 (d, H), 7.14 H), 7.24 (m,
2H), 7.42 (m, 2H), 7.67 (d, 2H), 8.38 (d, HB.75 (s, H).
3C-NMR (100 MHz, CBCl,): & 13.78, 22.56, 27.21, 28.93,
29.13, 29.32, 31.75, 43.20, 108.57, 109.26, 11§XA3),
117.80, 120.09, 125.30, 125.35, 125.78, 125.92,0826
126.21, 135.0, 136.0, 139.0, 141.0, 145.0, 15068.0L
Anal. Calc. for G;H3;N,O, (MW=414.54). C, 78.23; H,
7.29; N, 6.76. Found: C, 78.10; H, 7.15; N, 6.60%-MS
(m/z):414.23 (M, CH:CN, Error % = 0.0748)

3-(imine-2,3-dihydroxybenzene)-N-octylcarbazole ($4).

S4 was obtained from 2,3-dihydroxybenzaldehyde BRd
octyl-3-amine carbazole (9) following thegeneral
proceduréor 5-6 h and then purified by recrystallization
with chloroform (78 %, m.p.: 105-10%). FT-IR (» cm®):
1619 (conjugated) —CH=N- stretch, 1600 aromatic GC=
stretch, 740 1,2-disubstituted carbazolyl ring'sdie822 and
982 1,2,4-trisubstituted carbazolyl ring’s bertd-NMR (400
MHz, CDCly): 6 0.88 (t, 3H), 1.30 (m, 10H), 1.90 (m,
2H), 4.33 (t, 2H), 5.33 (s, 2H), 6.85 (m, 2H)03 (d, H),
7.26 (t, 3H), 7.50 (m, 3H), 8.12 (d, H), 8.1¢, H), 8.81
(s, H). ®*C-NMR (100 MHz, CECl,):6 13.78, 22.57, 27.21,
28.91, 29.14, 29.31, 31.74, 43.27, 109.15, 109.482.46,
116.64, 118.55, 118.71, 119.09, 119.29, 120.40,.6022
123.36, 126.18, 138.0, 139.0, 141.0, 145.0, 15099.0.
Anal. Calc. for GH3N,O, (MW=414.54). C, 78.23; H,
7.29; N, 6.76. Found: C, 78.12; H, 7.16; N, 6.80%-MS
(m/z):414.23 (M, CH;CN, Error % = 0.0748)

4. RESULTS

The synthesized novel substituted carbazole déresi(S1,
S2, S3 and S4) by condensation reaction as dedcaibeve
are characterized by FT-IRH-NMR, *C-NMR, LC-MS
and temperature dependent PL measurements.

In FT-IR spectra, while the N-H stretch of Alkyldte
carbazolyl amine and aromatic aldehite carbonyl OC=
expected at 3355 cmand 1800 cm, respectively were
disappeared, typical azomethine —CH=N- bond stretth
1625+10 cm associated with carbazole Schiff basee we
clearly observed indicating their formation (segufe 1g-h,

Journal Name, 2014, Vol. 0, No.0 3

carbonyl band of aldehyde peak expected at 191 wam
vanished. The formation of the syntheses Schifebagere
confirmed by observing —CH=N- carbon band [A65.5-

163.0 ppm for azomethine (see Figure la-f, Figusee,2
Figure 3a-c, Figure 4a-c of the supporting infoioratfor

S1, S2, S3 and S4, respectively).

Furthermore, in LC-MS spectra the molecular iondbesere
observed at (V) 342.17, 416.21, 414.23 and 414.23 g/mol
for S1, S2, S3, and S4, respectively. Finally, eetal
analysis data verify the molecular structures ofvaho
carbazoly shift bases. Synthesized and charaatieaiteof
the original carbazole Schiff bases have an umimpéed
electron delocalization.

The pure powders placed in closed cycle cryostatewe
examined by PL over the temperature range of 180tb K
and excitation power density of 0.01 and 1.04 W/cfine
PL spectra at 300K are shown in Figure 2 along with
reference sample containing only carbazole for amspn.
The reference sample has several relatively nappeaks
over the spectral range between 2.5 and 3.3eV thithmost
intense peak situated at 2.95 eV. The PL specti@lofS2,
S3 and S4 show completely different character coathso
reference carbazole. Due to strongeiconjugation and
efficient charge transfer from host material to jogated
part of compounds, broad and complex bands centatred
about ~2.16 and ~1.76 eV are observed in PL spémtrall
samples.

Carbazole

i G

PL Intensity (a.u)

2,
Photon Energy (eV)

3 3,5

Figure 2: PL spectra of S1-S4 compared to carbazole taken
at room temparature.

The temperature and excitation density dependeffidyLo
spectra were examined for all four samples, andréBalts

Figure 2f-g, Figure 3d-e, Figure 4d-e in supporting are shown in Figure 3. As seen from the figures,dberall

information for S1, S2, S3 and S4, respectively)addition,
aldehyde’s carbonyl stretch (1723 Ymand amine’s —NH
stretch (3300 ci) which seems a double band disappeared.

These compounds showgtiNMR peaks for different kinds
of protons on their spectral data.'H-NMR spectra, -CHO
proton band of aldehyde and -Bpliroton band of amine
peaks expected at 9.88 ppm and 6.58 ppm were \ahish
The formation of syntheses Schiff bases were amefit by
observing —CH=N- proton band @.5-8.9 ppm (singlet) for
azomethine proton. Similarly, it*C-NMR spectra, —CHO

emission characters such as peak positions ande sbfp
spectra do not significantly change with temperturhe
peak intensities of two broad bands of samples &3,
remain almost constant over the entire temperatamges.

On the other hand, they increase very slightly hs t
temperature increases for sample S2. For sampleth®4,
peak intensity of the first broad peak centeredalbut
~2.16eV decreases, whereas that of second broakl pea
centered at about ~1.76 eV increases slightlyailhjtifrom

10 K to 60 K.
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Figure 3. Temperature dependent PL spectra fo(e§1S2(b), S3(c) and S4(d). The inset shows an example of Gauss fitting

used for peak identification.

The total integrated intensities as a functioneshperature
and excitation density are shown in Figure 4 ofsalinples.
As seen from the Figure 4 (a) although the tottdgrated
intensities remain almost constant for sample Slar®l S4,
it increases steadily for sample S2 as the temperatses.
As seen from Figure 4(b), the total integrated Riensities
increase almost linearly for samples S2, S3 ancr&#the

The decomposed peaks are realized at 1.58, 108, 2.28
and 2.74 eV with varied peak and hence integrated
intensities contribute to total integrated inteiesitdepending

on samples. From these peak positions the speatrabe
divided into three spectral regions as near inféfg#35-690
nm), red-orange-yellow (620-540 nm) and blue (4581).rAs
clearly seen from the Figure 5, whereas the reaativ

power of X7 for sample S4 as the excitation density integrated intensity of one of the dominant emissimnd

increase.

To resolve these broad spectra that are composearious
emission bands, they were fitted using multiple €3&n
fittings. The best fits are obtained by assigninG&ussian
peaks as shown in the insets of Figure 3. The dposed
peaks and their relative integrated intensitiesmadized to
total integrated intensity for the spectra takenrabm
temperature are shown in Figure 5.

centered at about 2.28 eV decreases, the otherndami
emission band peaked at 2.04 eV increases fromlsaBip
to sample S4.
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Figure4. The total integrated intensity versus excitatiower density(a) and temperaturg) for all samples.

The normalized integrated intensity of the secondstm CONCLUSIONS
dominant emission band observed at 1.78 eV alserdepn = | substituted bazole derivati fbas S1
samples, hence the functional group connectedrtmazale. our novel substituted carbazole dervatives reteis S-,

The other lower intensity emission bands 1.58 aiid Bave S2, S3 and S4 were successfully synthesized using

relatively lesser dependence on samples. From thigondensation reaction between carbazole amines and
observation, it could be argued that this newlytisgsized aromatic aldehydes. All synthesized carbazole Sdfsfes

Shift bases could be optimized and investigateth@irto were puri'fied by crystallizing from chloroform. Thevere
obtain an emission with different white light color characterized structurally by means of FT-IR, NMRda
temperature or single emission bands from blue ¢arn Microanalysis and = confirmed their formations. The
infrared region of the spectrum. By introducingfelient ~ témperature and excitation power density dependdint

transition metals or rare-earth materials to maiatrix measurements were also carried out for optical
structure, the studies could be extended more dathdr characterization. The broad and complex bandsepehtat

investigations. about ~2.16 and ~1.76 eV are observed in PL spémtrall
samples compared to reference carbazole host wmlateri
which indicate an efficient charge transfertta@onjugated

0,5 —
--:--$§:'§;%1f§g§mg§:m systems. Their relative intensities depend on fonet
groups associated with the carbazole. These newly
5. 0,4 --@--Peak 5 @ 2.74 eV (453 nm) synthesized Schiff bases could be considered aactive
= emissive or electron/hole transport layer for orgdight
§ P S o | emitting diodes. Further systematic investigatiaressneeded
E93 . Bt EECEEE Lt to identify the origin of emission bands and optenithe
:Ej, =" structure for designated purposes.
©
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All FT-IR, *H-NMR, *C-NMR, LC-MS spectra (Figure

Figure 5. The relative integrated intensities of decomposed1-4) for S1-S4 are given in supportive/supplemantar

emission peaks deduced by Gaussian fittings fopkai®1, material.
S2, S3 and S4. The peaks for each sample are placed
vertically. The dashed line is drawn for eye-guide.
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Enhancing Detection Sensitivity of Responsive



Highlights

New carbazole Schiff bases were synthesized successfully and characterized
The formations of the compounds were confirmed using various techniques

All compounds were examined with excitation power density dependent PL
measurements

The peak emission wavelengths can be altered by further optimization

These could be considered as an active emissive-hole transport layers for
OLEDs



