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Abstract

Thin films of the blended solution of NiPc/Cg, are fabricated using spin-coating
method for three different ratios (100/1, 100/10 and 100/100) according to the
weight. The films are deposited on to glass substrates and treated with several
annealing temperatures (373, 423 and 473)K. The structure and surface morphology
of the as-deposited and annealed films using x-ray diffraction and AFM was studied
and exhibited a change and enhanced crystallization and surface morphology caused
by changes in heat treatment temperatures. Investigation of X-ray diffraction
patterns of NiPc/Cg indicated that it have polymorphism structure, i.e. mix between
amorphous and polycrystalline structure. when heat treatment temperatures changed,
led to the a-crystalline films oriented preferentially to the (100) plane. The grain size
of the blend (NiPc/Cq) thin film is calculated using the Scherrer relation and the
variation was nonsystematic with increased annealing temperature. AFM
measurements supported the result of XRD.

Key words: Organic Semiconductors, NiPc/Cg, XRD, Morphology, Structural
properties and heat treatment.

caat 438 ) (NiPC / 060) oladia yuad) ‘;Aeai\ hldl) diey ‘"éhulb Lf‘ﬂs)m sladiaN)
:\fJbAJ\ alalaal) ou

2V Lo Jad gl ¢ gaga il
@bl calai colai daals caslall LIS (o Ljulll ol
Ladal
Lahide Caud EDL Lyl oI Ayl Hladiuly NIPC [ CO0 (e apall 42yl 5052Y) a5
Leiallee cadiy bl 3, e DY) G 5 .03l lelalael (100/100 5 10/100 « 1/100)
oaibadlly dgldl Ll dulpy s (473 ¢ 423 ¢ 373) K ol gla cilays g all pa
Coyelaly LA sl Cildae 5 el AxdY) g Haaiul s dlileally Spaad) DU Lalaud)
DU ahall el s cilagy (b cbuall e palll adaudl JSEly sl (8 Gueady s
A 2y dg Lalal and
cosbal) sawially sl Sl gde 6l ¢ JIKEY) Baseia day e gy 4 ) NiPc [ C60 J
Ghain JS8 0 sl e Apsldl DY) Zl) @l ¢ dphall dlaled) Bla dapy Copis Lexie
OS5 Lot Al Haaiuly (NIPC [ C60) Gyl slial all asall Glua 5 . (100) (ssinsal
iV 2 il Cued AFM ciluld g5 ol ool Hha A 80l e aliiie je DAY
L)

*Email: atheersofy@yahoo.com
1847



Mkhaiber and Abdulameer Iragi Journal of Science, 2018, Vol. 59, No.4A, pp: 1847-1857

1. Introduction

Organic semiconductors have been the subjects of scientific research for the past 50 years. the
study of semiconductor organic matter confirmed on small organic molecules in the crystalline state
[1,2] . The structural study of materials has always been a high priority, because the physical
properties of materials are mainly dependent on their structure.

Organic semiconductors can be divided into two types: polymers and small molecule materials.
There are significant differences between these two types of materials. small molecules can be divided
into two sub-groups: pigments, not soluble in organic solvents, and dyes, which are soluble[3].

chemical and thermal stability is one of the main gains of using Pcs, and It has excellent electrical
and optical properties [4], Metal Phthalocyanines (MPcs) is a group of medium sized organic
molecules that have wide applications in fields that contain non-linear optics, molecular electronics,
and the manufacture of electrochemical sensors [5].

Nickel phthalocyanine (NiPc) showed good sensitivity and electronic properties [6, 7]. Jacob et al.
have mentioned that the NiPc nanostructures can be synthesized by using of ionic media [8]. The
molecular structure of NiPc shown in Figure-1

Figure 1-The structure of Nickel phthalocyanine NiPc [6]

Fullerenes are large carbon cage molecules (Fig.2) that are three-dimensional isotopes of benzene.
Buckminster fullerene (Cg) is the most plentiful form of fullerenes with 60 carbon atoms arranged in a
spherical structure. [9], It looks like football with 12 pentagons and 20 hexagons. An important
characteristic of Cgo molecule is its high symmetry.

£ T X
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Figure 2-Fullerene C60 arranged in spherical structure with Carbon at each vertex[9]

Thin layers of fullerene are dyed from yellow to yellowish-green. The colour of fullerene solutions
is due to the transition of 7 electron.
2. Experimental work

Nickel phthalocyanine (NiPc) and Fullerenes (Cgo) purchased from sigma-Aldrich and used without
additional purification. Before deposition the blend, Glass substrates cut to the size of 2.5cmx2.5cm
after that clean them in an ultrasonic bath for 15 min, to avoid contaminants from the glass surface,
using different steps with distilled water, liquid soap, acetone and ethanol, the substrate was dried in
nitrogen gas.
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Three weight ratios of (NiPc/Cgp) used to prepared the blends and thin films which are (100/1,
100/10 and 100/100) respectively by mixing 15mg/ml of NiPc in chloroform and (0.15, 1.5 and 15)
mg/ml of Cg in toluene. The blend solutions of NiPc and Cg, for each ratio were putted on a hot plate
stirrer for 40 hours with temperature of 50°C, then the two blended solutions is filtered using 0.2 pm
filter and mixed together and leaved 20 hours again on stirrer to get homogenous solution.

Now the blended solution becomes ready to spin-coated on pre-cleaned glass substrate using spin
coater type CHEMAT SCIETIFIC SKW-4A2 for 2000 rpm for 1.5min. The prepared samples leaved
in air for one day then putted in an oven at 70°C for 15min to remove the residual solvent may be stay
inside the film as Nano bubbles. The bulk heterojunction blend (NiPc/Cg) thin films were annealed in
a vacuum oven at variable temperatures (373, 423 and 473) K for one hour to study the effect of heat
treatment temperatures on structural and morphological properties.

structural analysis of the prepared thin films is completed by X-ray diffractometer (Miniflex Il
Rigaku company, Japan) by Cu Ke radiation (1 = 1.54 A), full width at half maximum (FWHM)
intensity of the diffraction peaks is studied, and the surface morphology of these films is studied by
means of atomic force microscopy (AFM) (AA3000 Scanning Probe Microscope SPM, tip
NSC35/AIBS from Angstrom Ad-Vance Inc) (AFM-contact mode).

By using the Bragg’s law, the lattice factors of the films were calculated:
nA=2dsiné (1)
By using Scherer’s relation, the grain size of the crystallites was calculated from the XRD,
D=4K/ pcosé 2
Where 1 the wavelength of X-ray, K = 0.94 is a constant, £ the full width half maximum and 6 the
diffraction angle.
Results and Discussion

X-ray diffraction pattern of bulk heterojunction blend (NiPc/Cs) thin films for three different ratios
prepared by spin coating technique of as-deposited and thermally treated with different annealing
temperatures (373, 423 and 473)K are presented in the Figures-(3, 4, 5). XRD pattern shows that all
the samples have polymorphism structure, i.e. mix between amorphous and polycrystalline structure,
The amorphous phase belongs to the fullerene (Cg) while the polycrystalline due to the a-phase NiPc.
The XRD parameters of the as-deposited BHJ blend (NiPc/Cg) thin films and annealing with several
temperatures were calculated and shown in Tables-(1, 2, 3).

The peaks corresponding to miller indices (100), ('102), (002) and (102) in all patterns included in
Figures-(3, 4, 5) belonged to a-crystalline phase of NiPc in the BHJ blend of (NiPc/Cqg) thin film. The
structure of the thin film (NiPc/Cy) is defined in a tetragonal with a preferential orientation along the
(100) direction at 20 = 6.8°[10-17]. The d values obtained from diffractogram are decreasing with
annealing temperature increasing and in perfect match with JCPDS record. diffraction peaks are
matched with the previous explanations.The differences in the values d are due to higher X-ray
absorption, sample purity, particle size, preferred orientation and crystal quality. The increase in
crystallization is due to the destruction of pseudomorphic layers existing in the film at high annealing
temperature[10,13] .
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Figure 3-XRD pattern of as- deposited and annealed (NiPc¢/Cg)(100/1) Thin Films

Table 1-The structural parameters of as- deposited and annealed (NiPc/Cg)(100/1) thin Films

20 FWHM dhkl G.S dhkl
(Deg.) | (Deg) | Exp.(A) [ (hm) | Std.(A)

6.853 0.237 | 12.8878 | 33.6 | 12.500 NiPC
RT [ 7.338 0316 | 12.0376 | 25.2 9.791 NiPC
10.093 | 0.262 8.7967 | 30.5 8.451 NiPC
15.800 | 0.500 5.6044 | 16.0 5.750 NIiPC
6.865 0.285 | 128661 | 279 | 12.500 NiPC
373 | 7.391 0.344 | 11.9514 | 231 9.791 NiPC
11.272 | 0.193 7.8435 | 415 8.451 NiPC
15.905 | 0.262 5.56/5 | 30.6 5.790 NiPC
6.811 0.240 | 12.9667 | 33.2 | 12.500 NiPC
423 | 7.310 0357 | 11.9854 | 223 9.791 NiPC
10.548 | 0.218 8.3801 | 36.5 8.451 NiPC
15.587 | 0.388 5.6804 | 20.7 5.750 NiPC
6.785 0.249 | 13.0176 | 320 | 12.500 NiPC
473 | 7.310 0.269 | 12.0832 | 29.6 9.791 NiPC
9.772 0.343 9.0440 | 232 8.451 NiPC
15.953 | 0.251 5.5011 | 32.0 5.750 NiPC

Ta (K) phase hkl
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Figure 4-XRD pattern of as- deposited and annealed (NiPc/Cg)(100/10) Thin Films

Table 2-The structural parameters of as- deposited and annealed (NiPc/Cg)(100/10)
thin Films

20 FWHM ik G.S dhki
Ta(® (Deg.) | (Deg.) | Exp.(R) | (nm) | Std.(A) phase nkd
6.832 0.291 12.9279 27.3 12.500 NiPC (100)
RT 7.339 0.268 12.0358 29.8 0.791 NiPC (102)
10.323 0.202 8.5627 39.4 8.451 NiPC (002)
15.346 0.262 5.7693 30.7 5.750 NiPC (102)
6.823 0.282 12,9444 | 28.2 12.500 NiPC (100)
373 7.318 0.258 12.0695 30.8 0.791 NiPC (102)
10.055 0.184 8.7903 43.3 8.451 NiPC (002)
15.833 0.370 5.5930 21.7 5.750 NiPC (102)
6.832 0.251 12.9285 31.7 12.500 NiPC (100)
423 7.345 0.361 12.0267 22.1 9.791 NiPC (102)
9.870 0.207 8.9545 38.6 8.451 NiPC (002)
15.862 0.422 5.5827 19.0 5.750 NiPC (102)
6.802 0.280 12,9844 | 28.4 12.500 NiPC (100)
473 7.358 0.237 12.0053 33.7 0.791 NiPC (102)
10317 | 0413 | 85673 | 193 | 8451 | NiPC (002)
15.901 0.383 5.5691 20.9 5.750 NiPC (102)
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Figure 5-XRD pattern of as- deposited and annealed (NiPc/Cg)(100/100)Thin Films

Table 3-The structural parameters of as- deposited and annealed (NiPc/Cg)(100/100)
thin Films

Ta (K) (Deg.) | (Deg.) | Exp.(A) | (hm) | Std.(A) phase i
6.850 0.392 12.8932 20.3 12.500 NiPC (100)
RT 7.368 0.311 11.9890 25.6 9.791 NiPC (102)
9.127 0.281 9.6814 28.4 8.451 NiPC (002)
15.926 0.430 5.5604 18.7 5.750 NiPC (102)
6.783 0.289 13.0202 27.6 12.500 NiPC (100)
373 7.250 0.200 12.1833 39.8 9.791 NiPC (102)
9.735 0.348 9.0781 22.9 8.451 NiPC (002)
15.733 0.577 5.6283 13.9 5.750 NiPC (102)
6.599 0.273 13.3828 29.2 12.500 NiPC (100)
423 7.093 0.324 12.4525 24.5 9.791 NiPC (102)
9.556 0.199 9.2481 40.0 8.451 NiPC (002)
15.731 0.310 5.6288 25.9 5.750 NiPC (102)
6.713 0.273 13.1570 29.2 12.500 NiPC (100)
473 7.293 0.324 12.1119 24.6 9.791 NiPC (102)
9.556 0.687 90.2474 11.6 8.451 NiPC (002)
15.867 0.465 5.5810 17.2 5.750 NiPC (102)

It has been found there is a direct relationship between the intensity and sharpening of the
prevailing peak and annealing temperature. This result showed that crystallinity and lattice quality of
the films enhanced with heat treatment temperatures. The enhancement of crystal may be attributable
to the annihilation of pseudomorphic layers existing in the film and increase the ability of atoms to
transport towards stable locations in the lattice.

The first position and the most intense peak correspond with the peak (100) for the tetragonal
crystal structure of a-NiPc. The second peak can be defined as a reflection (102) of the monoclinic
crystal structure of a-NiPc. Other low-angle peaks are represented (002) and (102) reflections of
tetragonal structure. All other peaks are in the upper angles formed from the polycrystalline glass
substrate thin film. hump is widely in the area 26 = 20 — 30 degrees is may be due to amorphous glass
substrate and/or amorphous phase of Cg, this peak is completed by other well defined low intensity
peaks, agreeing to lower symmetry phases C60 ordered in orthorhombic and monoclinic structures
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[18,19]. From the XRD analysis, it can be determined that as-deposited thin films also contain
generally of a-modification of NiPC with a quadruple crystal structure.

The grain size of the blend (NiPc/Cg) thin film is calculated using the Scherrer relation. All
samples have the nonsystematic behavior i.e. the grain size decrease with increased annealing
temperature upto 373K .The grain size increase with increased annealing temperature to 423K,
Increased annealing temperature provides sufficient thermal energy for atoms rearrangement, resulting
in improving of atoms and consequently in faster crystallite growth. As the crystallite size grows, the
pseudomorphic layers formed at room temperature are destroyed by heat treatment and the
crystallinity of films improves. At annealing temperature increase to 473K the grain size decrease due
to structure change to nanofiber[13].

It was observed that there is only one diffraction peak at 20 = 31.74°. However, this feature can
only be a noise effect, as this result can hardly be compared with similar measurements in
literature[20,21] and, moreover, the peak is very sharp and little intense. The film is amorphous and no
evidence of crystalline structure can be inferred from this XRD measurement.
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Figure 6-2-D and 3-D AFM images of as-deposited and annealed (NiPc/Cg) (100:1) Thin Films
(@ R.T, (b) T.=373K (c) T,=423K and (d) T,=473K.
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Figure 7- 2-D and 3-D AFM images of as-deposited and annealed (NiPc/Cg) (100:10) Thin Films (a)
R.T, (b) T:=373K, (c) T,=423K and (d) T,=473K.
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Figure 8- 2-D and 3-D AFM images of as-deposited and annealed (NiPc/Cqo) (100:100) Thin Films
(@) R.T, (b) T.=373K , (c) T,=423K and (d)T.=473K.

Surface morphology of (NiPc/Cg) thin films for three different ratios is shown in Figures-(6, 7, 8).
From the observation of these shapes we can see that the morphology of the (NiPc/Cqg) thin film has a
larger grain size and is uniformly distributed, referring to the crystalline nature of the film. It can be
observed that due to the heating caused by the preparation of films at different annealing temperatures,
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the growth of grain will occur which gives the crystal and good surface morphology [16]. These
results correspond well with XRD features. The morphology of crystals and the molecular orientation
change with annealing temperature. These morphological properties confirm that the annealing
temperature allows to control the structural regulation of organic molecules in their solid state, which
is expected to significantly improve the properties.

By using the Scherrer relation, the grain size D of the film was calculated, From the Tables-(4, 5, 6)
it was observed that the parameters can be obtained from AFM analysis such as grain size, (r.m.s)
Roughness and peak to peak. From these tables it was observed that the grain sizes variation was
nonsystematic and have the same behavior as in XRD measurement and belong to same reasons which
mentioned in XRD section.Tables-(4,5 and 6) shows that by increasing the annealing temperature, the
grain size is increased.

Table 4-Grain size and average roughness of blend (NiPc/Cg)(100/1) Thin Films by AFM technique
(r.m.s)Roughness

T oK) Grain size(nm) (nm) (p-p) (nm)
RT 88.24 0.654 2.79
373 78.14 0.433 2.02
423 87.91 15.1 5.69
473 82.74 1.12 441

Table 5-Grain size and average roughness of blend (NiPc/Cg)(100/10) Thin Films by AFM technique
(r.m.s)Roughness

T a(K) Grain size(nm) (nm) (p-p) (nm)
RT 61.37 2.78 9.64
373 56.40 2.95 10.2
423 78.01 3.39 11.7
473 63.57 0.356 1.4
Table 6-rain size and average roughness of blend (NiPc/Cg0)(100/100) Thin Film by AFM technique
T .(K) Grain size(nm) (r.m.s)Roughness (p-p) (nm)
(nm)
RT 90.29 0.289 1.16
373 48.03 0.576 1.99
423 66.24 0.316 1.21
473 48.10 0.336 1.28
Conclusions

The structural of (NiPc/Cg) thin films fabricated by spin-coated technique on glass substrates
prepared at different annealing temperatures successfully hase been investigated. Structural analysis
showed an improvement in the crystallization of NiPc films and that the grain size became largest
according to the increasing of heat treatment temperature. Also, AFM analysis showed that the
homogeneity and morphological stability of the films improved in annealing temperature.

X-ray diffraction patterns obtained for (NiPc/Cg) exhibited it has a polymorphism structure, i.e.
mix between amorphous and polycrystalline structure. Film is preferentially oriented (100) plane as
tetragonal. It can be observed that the intensity and value of the d is sharpened, and the main peak
increase with annealing temperature that shows the crystallization of the films when the heat treatment
temperature is increased. The diffraction peaks obtained for films prepared at higher annealing
temperatures are sharp due to the increased crystallization.

With increasing annealing temperatures, the full width at half maximum (FWHM) are reduced and
the grain sizes variation was nonsystematic behavior with increased annealing temperature upto
423K.with different annealing temperatures, rearrangements of molecules are taking place. The
variation in grain size shows that the structure and morphology of (NiPc/C60) are controlled its
properties, depending on the increase in the annealing temperatures.

1856



Mkhaiber and Abdulameer Iragi Journal of Science, 2018, Vol. 59, No.4A, pp: 1847-1857

Through topographic AFM analysis, we found that there is a significant effect of annealing
temperatures on surface morphology of (NiPc/Cg) films and the change in the shape of the crystal and
the molecular orientation with annealing temperature. These films showed more grain size, distributed
homogeneously, rough indicating the crystalline nature of the film.
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