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Abstract Key words

In this work, The effect of annealing treatment at different CuPcTs/PEDOT:PSS,
temperatures (373, 423 and 473) K and chemical treatment with optical properties, X-
talwen at different immersion time (40, 60 and 80) min on structural ray diffraction.
and optical properties of the bulk heterojunction (BHJ) blend copper
phthalocyanine  tetrasulfonic ~ acid  tetrasodium  salt/poly
dioxyethylenethienylene doped with polystyrenesulphonic acid
(CuPcTs/PEDOT:PSS) thin films were investigated. The films were
fabricated using spin coating technique. X-ray diffraction (XRD)
measurements displayed only one peak at 20 =4.5¢ corresponding to Article info.
(001) direction which has dn larger than for standard CuPcTs. The Received: Jan. 2017
dni increase then decrease with increasing annealing temperature and ~ Accepted: Apr. 2017
the time of chemical treatment with talwen. FTIR measurements Published: Jun. 2017
show that, the peaks for O-H, in general, decrease with increasing
annealing temperature, while the peaks corresponding to C=C
aromatic bond and C-N bond decrease at 373 K then increase at 423
and 473 K. The peaks for O-H, in general, decrease with increasing
immersing time, while the peaks corresponding to C=C aromatic
bond and C-N bond decrease at 40 min then increase at more
immersing time. From UV-visible measurements, the absorption
spectra peaks for B and Q-bands increase at 373K and at 40 min
immersing time with talwen and decrease at more annealing or
chemical treated time.
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Introduction

Over the last two decades, organic
semiconductors have more attention
because of using in many applications
such as gas sensors [1], solar cell [2]
and detectors [3], because there
chemical variety which can able to
change their properties [4].

Phthalocyanine has thermal and
chemical stability due to its chemical
composition. Adding four sulfonate
groups SO to the Pc ring for CuPc
make him soluble in water to use it
in  many applications.  CuPcTs
(Its molecular formula IS
(C32H12CUN801284Na4) has 984.25
g/mol molecular weight) has two
absorption peaks, Q - peak near 660
nm and B- peak at about 350 nm [5].
PEDOT was initially found to be an
insoluble polymer. The solubility
problem was then avoided by using a
water-soluble  polyelectrolyte, poly
(styrene sulfonic acid) (PSS), as the
charge-balancing  dopant  during
polymerization to yield PEDOT: PSS.
This combination vyields a water-
soluble polyelectrolyte with a good
film  forming  properties,  high
conductivity, transmission to visible
light, and stability [6].

The most efficient  organic
photovoltaic based on bulk
heterojunctions using two organic

semiconductors in blend, by mixed
them in solution then fabrication thin
films to get large donor-acceptor
interface area[7]. The properties of
organic  semiconductor  especially
phthalocyanine family can be enhance
either by thermal [8, 9] or chemical
treatment [10, 11]. Low temperature
heat treatment was required in organic
thin films for modification by reducing
the surface native oxide or by
enhancing the crystallization. The
PEDOT:PSS films are stable under
heat treatment and decomposition
occurs above 663 K [8].
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Various methods for the removal of
endodontic ~ fillings via suitable
solvents  retreatment have Dbeen
proposed, by immersing in the selected
solvents. The selection of an ideal
solvent requires a balance between
surface modification of MPcTs and
effectiveness in chemical dissolving
[12]. Structural and optical properties
modification of the active layer by
immersing with low solubility solvents
of talwin (via increment in light
absorption or charge transport)
improve the device performance [13].

The effect of annealing treatment, at
different temperatures, and chemical
treatment with talwen at different
immersion time were investigated.

Experimental

CuPcTs  from  Sigma-Aldrich
company was fully dissolved in de-
ionized water (15 mg/ml) by magnetic
stirrer in about 12 hour, on two
periods, at 310 K. The solution was
filtered using (0.45) um filter to
remove any undissolved material. The
prepared CuPcTs solutions were mix
with PEDOT:PSS (1:1) wt% to make
CuPcTs/PEDOT:PSS by magnetic
stirrer in about 12 hour at 310 K. The
solution was filtered using (0.45) pm
filter.

Glass substrates of size 2.5x2.5 cm?
were cleaned Dby soaking them
sequentially with a detergent solution
and rinsed them by water. Three stage
of cleaning using ultrasonic for 20 min
for each one, using water, alcohol and
acetone, and then dried by blowing air
and wiped soft papers.

The blend was deposited on the
glass substrate by spin coating
technique with 1500 rev/min speed for
2 minute time in air at room
temperature to make organic thin
films. The films were annealed at three
temperatures (373, 423 and 473) K,
and other samples treated with organic
solvent (Talwen) at different treated
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time (40, 60 and 80) min to study the
optimum conditions, annealing
temperature and treated time with
talwen, to improve the blend films
properties.

All films were examined by X ray
diffraction (type Shimadzu) to study its
structural properties, FTIR (from
Shimadzu company) to study the effect
of annealing and chemical treatment on
chemical bonds, and UV-visible
spectrophotometer (supplied by
Shimadzu company) in the wavelength
range (300 to 1100) nm to study films
absorbance and energy gaps variations
with  annealing and  chemical
treatments.

X-ray diffraction Bragg's law was
used to calculate inter-planar distance
dn from the condition of constrictive
interference of X-ray diffracted from
parallel planes atoms [14].

(1)

ni=2dpqsin ©

where 1, © and n represent X-ray
wavelength from Cu target (1.5406 A),
diffraction angle and diffraction order
respectively.

The X-ray diffraction peaks full
width at half maximum (FWHM) used
to determine the crystalline size as
shown in Scherrer formula [15].

092
G.S = FWHM .cos(0)

)
while the absorption coefficient (o)
which is defined as the relative number
of the photons absorbed per unit
distance of a semiconductor was
calculated according to beer-lambert
equation [16].
I =1,e™ (3)
where |, and | are the incident and the
transmitted photon intensity
respectively and t is the thickness of
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the material. The equation can be
rewritten as:

2D = 23032 (4)

The electron transitions between the

V.B. and the C.B. obey to Tauc
equation [17]

ahv= B (hv-Eg)"

()

where B is a constant inversely
proportional to amorphousity, r=1/2,
3/2, 2, 3 for allowed direct, forbidden
direct, allowed indirect, forbidden
indirect transitions respectively.

Results and discussions

Fig. 1 shows the X-ray diffraction
(XRD) patterns for as deposited
CuPcTs/PEDOT:PSS blend thin films
on glass substrate and thermal treated
with different annealing temperatures.
This figure shows that all films have
one peak at about 20 =4.5° which has
20 shift toward less values from
standard CuPcTs peak in the direction
(001), i.e. increasing in dyx values as a
result of mixing PEDOT:PSS with
CuPcTs. The intensity of the peak
increase with increasing annealing
temperature to 373K then decrease at
423 annealing temperature. The
material convert to amorphous
structure at 473 K. It shows that within
a low annealing temperature improves
the structural properties of the thin
film. It is well established that
crystalline and amorphous phases in
variable amount co-exist in most of the
organic  semiconductor  materials
around glass transition temperature
(Tg) of MPcTs [18]. While increasing
annealing leads to worsen the
crystallinety. The extended band
located at around 24° is due to the glass
substrate [19]
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Fig. 1: XRD patterns for CuPcTs/PEDOT:PSS thin films deposited on glass substrate
annealed at different temperatures.

Table 1 illustrates the comparison using Bragg law, and standard dp
between experimental inter molecular value for CuPcTs [18, 19]. Crystalline
plane distance (dni) for size (G.S), calculated using Sherrer’s
CuPcTs/PEDOT:PSS blend thin films formula. The G.S decrease at 373K
deposited on glass substrate annealed then increase at 423 K annealing
at different temperatures, calculated temperature.

Table 1: Structural parameters for CuPcTs/PEDOT:PSS thin films deposited on glass
substrate annealed at different temperature.
dhk| dhk| FWHM
Ta (K) 20 (Deg.) Exp.(A) std.(A) (Deg,) G.S (nm) hkl phase
As deposited 4.635 19.0500 12.640 0.354 22.5 (001) CuPcTs
373 4.450 19.8409 12.640 0.420 18.9 (001) CuPcTs
423 4.455 19.8187 12.640 0.310 25.7 (001) CuPcTs
473 Amorphous

Fig. 2 illustrates the XRD patterns
for as deposited CuPcTs/PEDOT:PSS
blend thin films on glass substrate and
chemically treated with talwen at
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different immersing time (40, 60 and
80 min). This figure shows that as
deposited film and chemically treated
at 40 and 60 minute have one peak at
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about 20 =~ 4.5° which has shifted
toward lower values comparing with
the standard CuPcTs peak in the
direction (001), i.e. increasing in dpy
values as a result of mixing

Vol.15, No.33, PP. 131-142

PEDOT:PSS with CuPcTs. Intensity
decrease with increasing immersing
time from O to 60 min then decreased
at 80 min.
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Fig. 2: XRD patterns for CuPcTs/PEDOT:PSS thin films deposited on glass substrate
chemically treated with talwen at different time.

Table 2 illustrates the comparison treated with talwen at different
between experimental (dng) for as immersing time and standard value for
deposited at room temperature (RT) CuPcTs and crystalline size (G.S). The
CuPcTs/PEDOT:PSS blend thin films (G.S) decrease at 40 min then increase
on glass substrate and chemically at 60 and 80 min immersing time.

Table 2: Structural parameters of CuPcTs/PEDOT:PSS thin films chemically treated with
Talwen at different immersing time.
. . i dhkl FWHM G.S
time (min) 20 (Deg.) Exp.(A) Std.(A) (Deg.) (nm) hkl phase
As deposited 4.635 19.0500 12.640 0.354 22.5 (001) CuPcTs
40 4.479 19.7140 12.640 0.365 21.8 (001) CuPcTs
60 4.457 19.8119 12.640 0.328 24.3 (001) CuPcTs
80 4.304 20.5156 12.640 0.304 26.1 (001) CuPcTs

Fig. 3 shows the FTIR patterns for

different temperatures (373, 423 and

as deposited and annealed
CuPcTs/PEDO: PSS blend thin films at

473 K).
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Fig. 3: FTIR patterns for CuPcTs/BEDOT:PSS thin films at different annealing temperatures.

In this figure the peaks locations
were identified and match with the
standard values [21]. The peaks, for
RT sample, appear at (3758 for N-H
bond, 3435 and 2346 for O-H bond,
2923 for C-H bond, 1630 for C=C
aromatic bond, 1436 for C-N bond,
1036 for S=0O bond 764, 691 and 632
C-H out of plane bend vibration, 515,
462 for Cu-N bond). We note that the
peaks for O-H, in general, decrease in
intensity with increasing annealing
temperature.  While  the  peaks
corresponding to C=C aromatic bond
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and C-N bond decrease with 373 K
then increase at 423 and 473 K.

The most of the peaks experienced
a slight increase in energy bonds with
annealing temperature 373 K which
demonstrates the increasing atoms
packing with annealing. Increasing
annealing temperature up to 423 and
473 K leads to decrease energy bonds,
as shown in Table 3 as a result of
increasing atoms spacing with more
annealing. These results are in
agreement with X-ray results.
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Table 3: FTIR bond for CuPcTs:BEDOT PSS thin films at different annealing temperatures

C-H out
Ta (K) N-H O-H C-H Cc=C C-N S=0 of plane Cu-N
bend
764.03
As 3435.38 515.62
deposited 3758.13 2346 84 2923.65 | 1630.08 - 1036.05 22;;61 46209
373 - 3438.15 | 292351 | 16175 - 1047.51 751.18 506.85
3432.37 760.48
423 - 2368.89 2924.56 | 1630.6 - 1040.72 662.49 -
3444.04 1729.41
473 3752.53 2359 26 2925.91 1631.27 1436.5 | 1054.51 673.73 467.18

Fig. 4 shows the FTIR patterns for
as deposited CuPcTs/PEDOT:PSS

blend thin films on glass substrate and 80 min).
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different immersing time (40, 60 and

Fig. 4: FTIR patterns for CuPcTs:BEDOT PSS thin films chemically treated with talwen at

different time.
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In this figure peaks locations were
identified and matched with standard
values [22]. The peaks appear at 3758
for N-H bond, 3435 and 2346 for O-H
bond, 2923 for C-H bond, 1630 for
C=C aromatic bond, 1036 for S=0
bond 764, 691 and 632 C-H out of
plane bend vibration 515, 462 for Cu-

Mahdi H. Suhail and Amer A. Ramadhan

N bond. Its observed that the peaks for
O-H, in general, decrease with
increasing immersing time. Also, it can
be noted that C=C and N-H bonds
experienced a slight decrease at 40 min
then increase at more immersing time
with talwen as shown in Table 4.

Table 4: FTIR bond for CuPcTs:BEDOT/PSS thin films chemically treated with talwen at

different time.

peak corresponding to S=0 being more
broadening at 40 min which enhance
the sample absorbance. Then the peaks
intensities decrease at 60 and 80 min
immersing time with talwen.

The absorbance for as deposited
CuPcTs/BEDOT:PSS thin films and
annealed at different temperatures
(373, 423 and 473 K) deposited on
glass substrate by spin coating are
shown in Fig. 5. All samples have
three peaks, one for B-band and two
peaks for Q-band. The absorption
peaks increase at 373 K annealing
temperature, making the film to absorb
more photons, i.e. produces more
excited charge carriers. Making the
sample more useful for use in many

138

_ _ C-H out of
Telwen N-H O-H C-H c=C S=0 plane bend Cu-N
764.03
RT 3758.13 3435.38 2923.65 1630.08 1036.05 691.16 462.09
2346.84 515.62
632.54
741.01
3420.30 1622.73 468.20
40 3766.17 2343.71 2936.01 1729 91 1013.8 692.28 52178
638.70
463.32
60 | 3771.04 | 4055 1 o930 | 16276 1 403816 | 76536 | 52178
2353.45 1729.92
580.24
3478.76 1637.35
80 3780.78 2353 45 2933.15 1729 93 1028.42 750.744 438.972
The peaks intensity corresponding applications, such as photovoltaic
to C=C aromatic bond increase and the devices [23]. The increment of

absorption due to spectrum broadening
so that absorbed light with wider range
of wavelength. While more annealing
temperature, at 423 and 473 K, the
absorption become decreasing as a
result of dissociation of some polymer
molecules.

The Q band is due to the transition
between the bonding and antibonding
(m—m*) in phthalocyanine molecule.
The central metal atom in MPcTs
(copper) of the phthalocyanine
molecule is associated with the d-band
cause the strong absorption peak (B-
band) attributed to m—d transitions[24].
These results are in agreement with
Saipul et al. [25].
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Fig. 5: Absorbance for the blend CuPcTs/PEDOT PSS thin films deposited on glass
substrate annealed at different temperature.

Fig. 6 shows the variation of (ahv)? CuPcTs/PEDOT:PSS blend thin films
versus photon energy (hv) of incident and annealed samples at different
radiation for as deposited temperatures.
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Fig. 6: (ahv)* versus hv for the blend CuPcTs/PEDOT PSS thin films at different
annealing temperatures for Q and B bands.

This figure shows that the value of for B band increase from (2.44 to
optical energy gap for Q band decrease 2.62) eV up to 423K then decrease to
from (1.56 to 1.52) eV at 373K then 256 eV at 473 K annealing
increase to 1.54 eV when increasing temperature, as shown in Table 5.

annealing temperature to 473 K. While
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Table 5: Bands position and optical energy gaps of CuPcTs/PEDOT PSS thin films at

different annealing temperatures.

Annealing B- band Q-band E, (eV)
temp((igl ture peak position (nm) Q pee(lrI:er:;) sition Q. pea(lrljrg;) sition Q band | B band
RT 357 614 716 1.56 2.44
373 357 617 717 1.52 2.60
423 361 627 717 1.53 2.62
473 363 617 720 1.54 2.56

The absorbance for as deposited
CuPcTs/BEDOT:PSS thin films on
glass substrate and chemically treated
with talwen at different immersing
time (40, 60 and 80 min) are shown in
Fig. 7. There are one peak for B-band
and two peaks for Q-band in all
samples. The absorption peaks increase
at 40 min immersing time with talwen.
The increment of absorption because
the enhancement of film structure.
While increasing immersing time to 60

and 80 min cause decreasing in peak
absorption as a result of allows the
solvent molecules to be penetrate into
the films and etching upper layer away.
Peaks locations were included in
Table 6. In general, there are small
shift of the peaks location toward the
short wavelength at 40 min and then
reverse to become shifting toward the
long wavelength when increasing
immersing time to 60 and 80 min.

Absorbance

as deposited

——40 min

—— 60 min

———80 min

400 500 600

700
A (nm)

800 200 1000 1100

Fig. 7: The absorbance for the blend CuPcTs/PEDOT PSS thin films deposited on glass
substrate chemically treated with talwen at different time.

Fig. 8 shows the variation of (ozhv)2
versus photon energy (hv) of incident
radiation for as deposited
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CuPcTs/PEDOT:PSS blend thin films
chemically treated with talwen at
different time.
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Fig. 8: (ahv)? versus hv for the blend CuPcTs/PEDOT:PSS thin films chemically treated
with Chloroform at different time for Q band.

The value of optical energy gap for
Q band decreases from (1.56 to 1.52)
eV at 40 min immersing time then
increase to 1.54 eV when increasing
treatment time to 80 min. While for B

band increase from (2.44 to 2.70) eV at
40 min then decrease to 2.52 eV at 80
min immersing time, as shown in
Table 6.

Table 6: Bands position and the optical energy gaps of CuPcTs/PEDOT:PSS thin films
chemically treated with Chloroform with different time.

. B- band Q-band E, (eV)
Immer5|_ng . Q1 peak position Q2 peak position
time (min) | peak position (nm) (nm) (nm) Q band | B band
RT 357 614 718 1.56 2.44
40 353 616 712 1.52 2.70
60 356 617 713 1.52 2.62
80 360 618 718 1.54 2.52
Conclusions immersing time with talwen cause to
The effect of thermal and reduce  the  peaks intensities.

chemically treatment with talwen on
structural and optical properties of
CuPcTs/PEDOT:PSS blend films were
investigated. XRD measurements show
that the dnx values less than standard
CuPcTs values for all samples. The
best annealing temperature and
treatment time to enhance the
crystallinety at 373K and 60 min
chemical treatment with talwen. FTIR
measurements indicate that the peaks
intensities corresponding to C=C
aromatic bond increase and the peak
corresponding to S=O being more
broadening at 40 min then, i.e enhance
CuPcTs absorbance, while more

141

Absorption spectra show the best
treatment time with talwen is 40 min
and the beast annealing temperature is
373 K at the point where the
absorption peaks for B-band and
Q-band have maximum values. The
locations for Q and B bands experience
a small shift with annealing and
chemical treatment with talwen.
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