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Abstract Key words

The effect of heat treatment using different annealing Organic semiconductor
temperatures on optical properties of bulk heterojunction blend Alds: Ceo, Optical
(BHJ) Algs: Ceo thin films which are fabricated by the spin coating Properties, heat
technique were investigated in this study. The films have been coated ~treatment.
on a glass substrate with speed of 2000 rpm for one min and treated
with different annealing temperature (373, 423 and 473) K under
vacuum. The optical properties and the chemical bonds structure of
blends as-deposited and heat treated have been studied by UV-Vis
spectroscopic  and  Fourier  Transform-Infra Red (FTIR) Article info.
measurements respectively. The results of UV visible show that the Received: Apr. 2018
optical energy gap decreasing with increasing the annealing Accepted: Jun.2018
temperature for the ratio (100:1) while decreasing with increasing the Published: Dec. 2018
annealing temperature for ratio (100:10). The FTIR spectra
measurement were applied to know the type of the bonds of Algs: Ceo
BHJ thin films.
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Introduction semiconducting materials have been

Semiconductor materials can be synthesized and studied the
divided into two parts: organic and performance and stability of organic
inorganic materials. In the next years, semiconducting materials were poor
inorganic materials are expected to be [2]. The performance of the organic
replaced by organic materials because materials can be increased by making
of its properties [1]. In spite of organic improvement in the fabrication of the
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device rather than focusing on the
complexity of the internal structure of
the material [3]. Organic
semiconductors can be classified
according to the molecular size into
two categories; small molecules and
polymer [4]. Tris-(8-hydroxyquinoline)
aluminum (Alqs) is a m-conjugated
small molecule (low-molecular weight)
[5], and one of the most important
materials between the class of
organometallic  compounds, which
used as an active medium in organic
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light emitting diodes (OLEDSs) [6] as
shown in Fig.1(a).

Fullerenes (Ceo) represent the third
allotrope form of pure carbon, after
graphite and diamond and have
acquired an interest in many fields of
science that range from  bio
applications to molecular electronics
[7]. In this research, the optical
properties of the blend Algs: Cgo thin
films were studied with different
concentrations of Cgg, as shown in
Fig.1(b).

Fig. 1: Chemical structure of (a) Tris-(8-hydroxyquinoline) aluminum (Algs) (b) fullerene
CGO [81 9]

Experimental work
Tris-(8-hydroxyquinoline) aluminum
(Algs) and Fullerenes (Cgo) were
purchased from Sigma-Aldrich and
used without further purification. The
molecular ~ formula  of  Tris-(8-
hydroxyquinoline) aluminum IS
Al(CoH¢NO); and has 459.441g/mol,
while Fullerenes (Cqgo) is 720.66 g/mol.
Before deposition the blend, the
glass substrate cut to the size of
2.5 cmx2.5 cm after that cleaned in an
ultrasonic bath for 10 min, to remove
the dirt particles on the substrate
surface using different steps with
distilled water, liquid soap, a solution
of ethanol and acetone. The first blend
prepared by dissolving 15 g/ml for
Algs in chloroform with 100:1 weigh
ratio and 0.15 g/ml Cg in toluene
while the second blend prepared by
dissolving 15 g/ml for Algs in
chloroform and 1.5 g/ml Cg in toluene
with 100:10 weigh ratio. This solution

put in a magnetic stirrer for 24 hours at
318 K. Then they filtered using 0.2 and
0.45 micrometer respectively. Finally,
the two solutions of Algs and Cgo Were
blended together and developed on the
stirrer again for 24 hours also to get a
homogenous  solution. Now the
blended solution becomes ready to
spin-coated method type CHEMAT
SCIETIFIC SKW-4A2 spin coater on
the pre-cleaned glass substrate for
2000 rpm for 1 min.

The prepared samples leaved in air
for one day then putted in an oven at
343 K for 15min to remove the
residual solvent may stay inside the
film as Nano bubbles.

The prepared Algs: Cgo thin films
were then annealed in a vacuum oven
at different temperatures (373, 423 and
473) K to about one hour.

The optical energy gap values
(Eg®) for (Algs: Cgo) films have been
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determined using Tauc Eg.(1) [10]
«E = B(E - E,;) (1)

where B is inversely proportional to
amorphosity, r is a constant whose
value depends on the type of transition,
where r is equal to 1/2 and 3/2 for
allowed and forbidden direct transition
respectively, while r is equal to 2 and 3
for allowed and forbidden indirect
transition respectively. While Fourier
Transform-Infrared Spectroscopy
(FTIR) for heat treatment blend (Algs:
Ceo) thin films have recorded the
spectrum was over the range of (400-
4000) cm™ with resolution 4, the
spectra obtained at room temperature
and record in the transmittance mode
using Thermo Scientific™ Nicolet™
IS™ 10 FTIR Spectrometer.

Vol.16, No.39, PP. 1-10

Results and discussion

The absorption spectra of BHJ
blend (Algs: Ceo) thin film spin coated
at room temperature and heat treated
films at temperatures (373, 423, 473) K
were shown in Figs. 2 and 3. This
absorption spectrum exhibits a wide
absorption band from 365nm to 500nm
with an intense absorption peak at
around 404 nm. The maximum
absorption was observed for BHJ film
that as deposited attributed to the
charge transition between the bonding
and anti-bonding (m—m*). The BHJ
film that annealed at 373K shows very
low and broad absorption intensity
than other annealed films. At higher
annealing temperatures, the
destabilization of quinoline bonding in
the blend structure leads to quench of
the absorption intensity [11-13].
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Fig. 2: Absorption spectra of as-deposited and annealed Algs;:Cgo thin films (100:1) at

different Ta.
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Fig. 3: Absorption spectra of as-deposited and annealed Algs: Cg thin films (100:10) at

different Ta.

From Fig. 3, one can note that there
is a boarding in absorption peak in
UV-region because of increasing in Cg
concentration which leads to more
overlapping between Algz and Cep [14]
Taus equations consider one of the
most important means to determine the

value of optical energy gap (E;*°) of
the blend Algs:Cego. Figs. 4 and 5 show
variation of (ahv)? as a function to
photon energy (hv) of incident
radiation for both mixed weight ratio
(1:100) and (10:100).
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Fig. 4: (ahv)® versus photon energy of incident radiation for as-deposited and annealed

Alqgs:Cg thin films (100: 1) at different Ta.
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Fig. 5: (ahv)® versus photon energy of deposited and annealed Algs:Cgo thin films (100:10)

at different Ta.

From Fig.4 and Table 1, the optical
energy gap was found slightly
decreases with increasing annealing
temperatures for the films prepared
with a mixed ratio of (100:1) but still
in the range between the energy gaps
of the two compounds used in these
films as indicated from the previous
literature. The decrease in Eq attributed
to the enhancement in the n—=x
intermolecular interaction, therefore,
lowering the m—m* transition energy

[13, 15, 16].

The second mixed ratio of (100:10)
as-deposited and annealed thin films
also indicate that an increase in optical
energy gaps with increasing annealing
temperatures from 2.36 eV at room
temperature to 2.67 eV at 473 K as
shown in Fig. 5 and Table 1.

The increasing in energy gap may
be attributed to increasing the
concentration of Cgo, this is may be
due to increasing the grain size caused
by aggregation of Cg, molecules in the
blend [13, 15, 16].

Table 1: The optical energy gaps of as-deposited and annealed Algs:Cg thin films.

Algz:Cep T, (K) Eq(eV)

RT 2.56

) 373 2.54
100:1 423 2.50
473 2.48

RT 2.36

. 373 2.42
100:10 423 2. 60
473 2. 67

The molecular structure of the Alqgs
was confirmed by the analysis of
(FTIR) spectra.

Figs. 6 and 7 show the FTIR
patterns for Algs: Ceo thin films at both
concentration (100:1) and (100:1) at
room temperature and treated with
different annealing temperatures (373,
423 and 473) K.

The FTIR absorption spectrum of
Algs displays all the characteristic
absorbance of quinoline and the Al ion
with  ligands. For example, the
characteristic bands centered at 600-
800 cm™ come from the vibrations of
quinoline, and the band at 400-
600 cm™ can be attributed to the
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stretching vibration of Al ion with
ligands.

Compared between in Table 2 and 3
with the normal FTIR absorption
spectrum of quinoline, the intensive
band of C-O at 1114.8 cm™ and the
weaken band at 1280.6 cm™ indicated
that the AI-O bond had formed,
transformations of aromatic stretching
(C=C, 1600-1450 cm™) and aromatic
amine resonance (C-N-C, 1370-
1250 cm™) [13, 15].

The film (100:1) that annealed at
423 K and 473 K indicates sharper
C = C and C-N-C aromatic bonds. The
blend displays that annealing at 373 K
low intense characteristic bands of
Algs and Cg composite. The quinoline
band noticed at 373 K has a lower

Husham N. Noori and Lamiaa K. Abbas

intensity than the 423 K and 473 K
annealed films, which evidence the
degradation and partial sublimation of
quinoline composites from its aromatic
chain [13, 15], as shown in Fig. 6.

The film (100:10) that annealed at
423 K exhibit sharper peak intensity
for C = C and C-N-C aromatic bonds.
The blend displays low intense
characteristic bands of Algs and Cgo
composite that annealing at 373 K and
473K. The quinoline band noticed at
373 K and 473K has a lower intensity
than the 423 K annealed films, which
evidence the degradation and partial
sublimation of quinoline composites
from its aromatic chain [13, 15], as
shown in Fig. 7.

—200-C

3051.5
2928.31
2860.56

3417.96

150-C

2940.63
2863.64

3051.5

Transmission(arb. units)

3039.18
2931.3

3405.65

4000 3800 3600

3400 3200 3000

0-H
strceinh
C

=N

2364.76

2800 2600 2400 2200 2000 1800
Wavenumber (em!)

w
]
—
= a2 g2
Po  EE < £ B
ON == (&) > S
O < L oz
FOX O g =2
(=29
0
w -l =3
~ a0 g
| [=3 - o
Ha ¥ = 8
- L] — - b 5 <
8 S MEg
—in - ~ - 2
- : v
-4
=1

415.4

64636

1231.48
1028.23
. 828,06
544.74

1579.47
=134
111138
1548

47.99

-
4
=4
Qo
o
-

1111:38
1037.47

1600 1400 1200 1000 800 600 400

Fig. 6: FTIR for Algs: Cg thin films at 100:1 treated with different annealing

temperatures.



Iragi Journal of Physics, 2018 Vol.16, No.39, PP. 1-10

Table 2: FTIR bonds for Algs: Cg (100:1) treated with different annealing temperatures.

RT 373 K 423 K 473 K
. . 415.4 .
Stretching AI-N vibration 412.32 409.24 240 41540
Stretching Al-O vibration 455.43 458,51 458.51 464.67
Stretching Al-O vibration
Stretching AI-O vibration 544.74 538.58 544.74 544.74
646.36 649.44 646.36 646.36
C-H bending 744.91 744.91 747.99 747.99
C-H bending 791.10 784.94 791.10 794.18
C-H bending 824.98 828.06 824.98
_ 1055.95 1037.47 1028.23 1031.31
C-O Strong Stretching
C-O Strong Stretching 1108.30 1111.38 1111.38 1111.38
C-O Strong Stretching
Aromatic amine 1231.48 1271.51 1231.48 1231.48
1277.67 1277.67 1280.75
Aromatic amine 1379.30 1379.30 1379.30 1385.46
Aromatic stretching C=C 1468.61 1462.45 1465.53 1465.53
Aromatic C=C bending 1579.47 1604.11 1579.47 1576.39
Aromatic C=C bending 1604.11 1604.11 1604.11
C=N 2364.76
2931.39 2931.39 2863.64 2860.56
stretching vibration C-H 3051.50 3039.18 2940.63 2928.31
3051.50 3051.5
O-H stretching 3399.49 3405.65 3417.96
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Table 3: FTIR bonds in for Algs: Cs (100:10) treated with different annealing

temperatures.
RT 373 K 423 K 473 K
422.01 425.15 425.15 425.15
Stretching Al-N vibration
Stretching Al-O vibration 459.74 456.59 459.74 459.74
Stretching Al-O vibration 547.77 550.92 550.92 554.06
C-H bending
651.53 654.67 657.817 654.67
749.00 752.14 752.14 748.99
C-H bending 799.30 796.16 799.30 796.16
830.742 830.742 833.89 830.74
) 1038.25 1038.25 1041.40 1038.25
C-O strong stretching
C-O strong stretching 1116.86 1113.71 1120.00 1116.86
C-O strong stretching 1236.33 1236.33 1236.33 1239.48
Aromatic amine
1283.49 1283.49 1283.49 1283.49
Aromatic amine 1330.66 1333.80 1330.66 1327.51
Aromatic C=C bending 1500.44 1503.58 1497.29 1500.44
Aromatic amine 1384.10 1387.25 1384.10 1384.10
1469.00 1472.14 1469.00 1469.00
Aromatic C=C bending 1579.04 1582.18 1582.18 1579.04
1604.19 1607.34 1607.34 1604.19
C= 2358.78 2352.49
2934.15 2934.15 2927.86 2927.86
C-H stretch 3050.48 3053.62 3053.62 3050.48
O-H 3446.64 3443.49 3440.35 3440.35
Conclusions References

e The heat treatment affected on the
absorption and optical energy gap.
The energy gap slightly decreases
for the first mixed ratio of 100:1
and return increasing in the second
mixed ratio of 100:10 with
increasing annealing temperatures,
this is may be due to increasing the
grain size caused by aggregation of
Ceso molecules in the blend.

e The FTIR spectra measurement
were applied to know the type of
the bonds of Algs: Cg BHJ thin
films at 100:1 and 100:10 ratio.

[1] Christof Wall. "Organic
electronics structural and electronic
properties of OFETs". WILEY-VCH
Verlag GmbH & Co. KGaA,
Weinheim, (2009).

[2] F. Gutmann and L.E. Lyons,
"Organic  Semiconductors”.  John
Wiley & Sons, (1967).

[3] W. Kowalsky, E. Becker, T.
Benstem, T. Dobbertin, H.-H.
Johannes, D. Metzdorf, H. Neuner, J.
Sch”obel, “Organic semiconductors
fundamentals and  applications”,
Annual report (2000).




Iragi Journal of Physics, 2018

[4] Marco Stella. “Study of Organic
Semiconductors for Device
Applications”, Thesis Ph.D.,
Universtat De Barcelona, Memoria
presentada per optar al grau de Doctor
Barcelona, Desembre (2009).

[5] Wanfeng Xie, Zhiyong Pang, Yu
Zhao, Feng Jiang, Huimin Yuan, Hui
Song Shenghao Han, Journal of
Crystal Growth, 404 (2014) 164-167.
[6] A. Zawadzka, Plociennik J.
Strzelecki, Z. Lukasiak, B. Sahraoui.
Optical Materials, 36 (2014) 91-97.

[7] Maya Shankar Singh, “Advanced
organic chemistry: reactions and
Mmechanisms’’.  Pearson  Education
India, (2004).

[8] A. Curioni, W. Andreoni, R.
Treusch, F. J. Himpsel, E. Haskal, P.
Seidler, C. Heske, S. Kakar, T. Van
Buuren, L. J. Terminello, Applied
Physics Letters, 72, 13 (1998) 1575-
1577.

[9] D.V.Konarev, R. N. Lyubovskaya.
Russian Chemical Reviews, 68, (1)
(1999) 19-38.

[10] J. Tauc, “Amorphous and liquid
semiconductors”, First Edition.
Springer, 1974.

10

Husham N. Noori and Lamiaa K. Abbas

[11]R. J. Curry, W. P. Gillin,
J.Clarkson, D. N. Batchelder. Journal
of Applied Physics, 92, 4 (2002) 1902-
1905.

[12] A.B. DJurisic, T. W. Lau, C.Y.
Kwong, L.S.M. Lam, W. K. Chan.
Proc. of Spie Vol. 4800. Organic Light
Emitting Materials and Device (2003).
[13] M. Cuba and G. Muralidharan,
"Effect of thermal annealing on the
structural and optical properties of tris-
(8-hydroxyquinoline) aluminium (I11)
(Algs) films: Effect of thermal
annealing on Alg;s films™ John Wiley &
Sons, Ltd. (2014).

[14] A. Uddin, C. B. Lee, HUX, Wong
Tks, Appl. Phys.,, A 78 (2004) 401-
405.

[15] Darakhshan Qaiser, Mohd Shahid
Khan, R.D. Singh and Zahid H. Khan,
Optics Communications 283, (2010),
3437-3440.

[16] M.M. El-Nahass, H.A.M. Ali, A .-
S. Gadallah, M. Atta Khedr, H.A.
Afify. Eur. Phys. J. D., 69: 200 (2015)
1-7.



