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Abstract Key words 
     Thin films of bulk heterojunction blend Ni-Phthalocyanine 
Tetrasulfonic acid tetrasodium salt and dpoly 
(3, 4-ethylenedioxythiophene) poly (styrenesulfonate) (NiPcTs: 
PEDOT: PSS) with different (PEDOT:PSS) concentrations (0.5, 1, 2) 
are prepared using spin coating technique with thickness 100 nm on 
glass and Si substrate. The X-Ray diffraction pattern of NiPcTs 
powder was studied and compared with NiPc powder, the pattern 
showed that the structure is a polycrystalline with monoclinic phase. 
XRD analysis of as-deposited (NiPcTs/PEDOT:PSS) thin films 
blends in dicated that the film appeared at(100), (102) in 
concentrations (0.5, 1) and (100) in concentration (2). The grain size 
is increased with increasing (PEDOT:PSS) concentrations. FTIR 
measurements for these bulk heterojunction blend thin films also 
carried out in this work and gave good information about the bonds 
and their locations. Sensor measurements of Si/NiPcTS:PEDOT:PSS 
bulk heterojunctions blend thin films show a good sensitivity for NO2 
gas Compared to NH3gas. The NiPcTS/PEDOT:PSS gas sensor 
device work at room temperature than high temperature for NO2 gas 
but good sensitivity at100ºC for NH3 gas and sensor work more 
effectively  in 0.5 concentration for both gases. 

Organic, 
semiconductor, 
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 كمتحسس غازي PEDOT:PSSفثالوسايلين تتراسولفنك و بوليمر ل كين نمين جھال جيمزلا

  عزت محمود العيسى عبود،مروج علي   

  قسم الفيزياء، كلية العلوم، جامعة بغداد، بغداد، العراق

 الخلاصة
  PEDOT:PSSحضرت أغشيه رقيقه من المزيج المتغاير نيكل فثايوسايلين تترا سولفينك والبوليمر الموصل    

تم دراسة نمط  السليكون.نانومتر على الزجاج وشرائح 100 بطريقة الطلاء ألبرمي بسمك (0.5,1,2)  بتركيز
وقد تبين ان التركيب متعدد التبلور احادي  NiPcومقارنتھا مع مسحوق  NiPcTsحيود الأشعة السينية لمسحوق 

أن الاغشيه المحضرة عند  يبين، (NiPcTs:PEDOT:PSS) . تحليل حيود الأشعة السينية للمزيجةالوج
. الحجم الحبيبي يزداد مع زيادة  2عند التركيز  (100) و (102), (100)تظھر قمم عند  (1, 0.5)التركيز 
فحوصات التحسس  أعطتنا معلومات جيده عن الأواصر ومواقعھا. FTIR. فحوصات (PEDOT:PSS)تركيز

لغاز  ةعالي ة) أظھرت تحسسي(Si/NiPcTs:PEDOT:PSSالغازي للمزيج المتغاير المرسب على السيلكون 
لامونيا .المتحسس الغازي لغاز اوكسيد النيتروجين يعمل بصوره افصل في اوكسيد النيتروجين مقارنة بغاز ا

 بصورةبالنسبة لغاز الامونيا ويعمل 100ºC درجة حرارة الغرفة مقارنة بالدرجات الحرارية الأعلى ولكن برجة 
  لكلا الغازين. 0.5أكفأ عند التركيز 

  
Introduction 
     These research areas are gaining 
attention due to the fact that the 
organic semiconductors enable precise 
organic synthesis, low-temperature 

fabrication processes on variety of both 
rigid and flexible substrates, and 
straightforward miniaturization of their 
devices [1]. The uses of organic 
semiconductors as sensors have 
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Results and discussion 
X-ray diffraction 
The X-ray diffraction of the NiPc 
powder used as the source material for 
sublimation the peaks are identified 
using the standard JCPDS File No. 11-

0744 data. The FullWidth at Half 
Maximum (FWHM), d-spacing and 
grain size were calculated as listed in 
Table 1. 
 

 
Table 1: Structural parameters viz. inter-planar spacing and crystalline size of pure NiPcTs 

powder. 
2θ (Deg.) FWHM 

(Deg.) 
dhkl Exp.(Å) G.S (nm) dhkl Std.(Å) phase hkl 

7.0350 0.380 12.5551 21.0 12.5000 NiPc (100) 
9.1400 0.660 9.6678 12.1 9.7900 NiPc (1ത02) 

10.5700 0.750 8.3628 10.6 8.4500 NiPc (002) 
18.0500 0.580 4.9106 13.9 4.9100 NiPc (2ത04) 
21.6500 0.780 4.1015 10.4 4.1000 NiPc (111) 
26.8100 0.670 3.3227 12.2 3.3900 NiPc (2ത14) 

 
The structure of NiPcTs powder was 
determined which gives a 
polycrystalline structure, monoclinic 
phase. The spectrum of the NiPcTs 
powder has shown sharp peaks at 
reflection surfaces (100), (102), (002), 
(204), (111) and (214). the peaks 
simulated by XPowder program to 
calculate the experimental values of 
FWHM and grain sizes of NiPcTs 
powder as shown in Fig. 4. Fig. 5 
shows the X-ray diffraction patterns of 
deposit NiPcTS:PEDOT:PSS bulk 
heterojunctions blend thin films on 

glass substrates with different 
(PEDOT:PSS) concentrations shows 
Polymorphism structure and the 
simulations of tow peaks appear (100), 
(102)  refers to NiPcTs While 
amorphous due to PEDOT:PSS and the 
peak (102) disappeared in XRD pattern 
of in concentration (2).  Table 2 
represents the XRD parameters which 
are obtained from this measurement for 
as-deposited NiPcTS:PEDOT:PSS thin 
film and show the grain size is 
increased with increasing 
(PEDOT:PSS) concentrations. 

 
 
 
 
Table 2: Structural parameters viz. inter-planar spacing and crystalline size of 
NiPcTs:PEDOT:PSS bulk heterojunctions blend thin films. 
concentrations 2θ 

(Deg.) 
FWHM 
(Deg.) 

dhkl Exp.(Å) G.S 
(nm) 

dhkl Std. of 
NiPc (Å) 

hkl 

0.5 7.270 0.850 12.1498 9.4 12.500 (100) 
1 7.300 0.640 12.0999 12.4 12.500 (100) 
2 7.400 0.550 11.9367 14.5 12.500 (100) 
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presence of (metal-Nitrogen) bond 
vibration at (466-578) cm-1 have been 
assigned for (Nickel – Nitrogen). A 
number of well-defined bands assigned 
to PEDOT vibrations are found in the 
region of 500 to 2000 cm–1 as depicted 
and 1400 to 1500 cm–1    associated 
with C= C symmetrical stretching has 
been employed to distinguish 
PEDOT:PSS  being in its benzoid and 
quinoid [19] as shown in Fig. 7. The 
band at (1400-1100) cm-1 is for bond 
of C-O stretching and the peak (1600-

1500) cm-1 indicates C=C bond. The 
band at (1750-1650) cm-1 is for bond 
of        C=O stretching. The band at          
(2400-2300) cm-1 is for bond of      
C≡C stretching. The band at (2900-
2700) cm-1 is for bond of                            
C-H stretching. The band at (3500-
3400) cm-1 is for bond of O-H 
stretching as shown in Table 3. The 
spectrum shows the absent of 
stretching band N-H at band 2358 cm-1  
which is appears in 0.5 PEDOT:PSS  
concentration spectrum. 
 

Table 3: The bond of NiPcTs/PEDOT:PSS bulk heterojunctions blend thin films. 
Wave number (cm)-1 Bonds Type 

400-2000 Bending 

2000-4000 Stretching (weak peak) 

600-400 metal-Nitrogen (weak peak) 

466-578 Nickel – Nitrogen 

1400 - 1500 C= C stretching 

1400-1100 C-O stretching 

1600-1500 C=C 

1650-1750 C=O stretching 

2300-2400 C≡C stretching 

2700-2900 C-H stretching 

3400-3500 O-H stretching 
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Fig. 9: Resistance as a function of time at different operating temperatures for Si /NiPcTs: 
PEDOT:PSS bulk heterojunctions blend thin films of different PEDOT:PSS 
concentrations for NH3. 
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Fig. 12: The variation response time and recovery time with operating temperature for 
Si/NiPcTs/ PEDOT:PSS bulk heterojunctions blend thin films of different PEDOT:PSS 
concentrations.(a, b, c) forNO2  gas and (d, e, f) for NH3 gas. 
 
 

a b 

c  d 

e  f 
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Conclusions 
The NiPcTS/PEDOT:PSS bulk 
heterojunctions blend as solution and 
thin films are successfully prepared by 
spin coating . XRD analysis of as-
deposited (NiPcTs/PEDOT:PSS) with 
different (PEDOT:PSS) concentrations 
in dicatedthat the film appeared 
at(100),(102) in concentrations (0.5, 1) 
and (100) in concentration (2). The 
grain size is increased with increasing 
(PEDOT:PSS) concentrations FTIR 
measurement was applied to know the 
type of the bonds of 
NiPcTS/PEDOT:PSS blend thin films. 
Gas Sensing measurement for 
Si/NiPcTs:PEDOT:PSS shows that the 
NO2 is oxiding  gas and NH3 is 
reducing  gas. The Sensor show good 
sensitivity at room temperature than 
high temperature for NO2 gas but good 
sensitivity at 100 ºC for NH3 gas, and 
good sensitivity for NO2 gas than NH3 
gas  while  sensor work more 
effectively  in 0.5 concentration. 
 
References 
[1] M. O. Loveless, C. R. Phillips, G. 
D. Giraud, W. E. Holden Thorax 52 
(1997) 185–186 
[2] Bornali Bora Patowary, IJAREEIE, 
3, 5 (2014) 9351-9360. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[3] L. Torsi, A. Dodabalapur, Anal. 
Chem. 70 (2005) 381A-387A. 
[4] A. Opera, U. Weimer, E. Simon, 
M. Fleischer, H-P. Frerichs, Ch. 
Wilbertz, m. Lehmann “Sens. Actua. B 
(118), (2006) 249-254. 
[5] Y. Jiang, H. Tai, X. Du, X. Li, B. 
Zhang: “Parameter optimization of the 
OTFT gas sensor and its trace NO2 
sensing properties”, 14th International 
Meeting on Chemical Sensors, 2012. 
[6] Tiwari Shashi, Singh Arun Kumar, 
Joshi Leela, P. Chakrabarti, W. 
Takashima, Kaneto Keiichi, Prakash 
Rajiv, Sensors and Actuators B: 
Chemical, 2012. 
[7] W. Xu, S. Zheng, R. A. Dweik, 
S.C. Erzurum Free Radic. Biol. Med. 
41 (2006) 19–28. 
[8] C. Liewhiran and S. Phanichphant, 
Sensors, 7 (2007) 185-201. 
[9] Necmettin Kilinc, Sadullah Ozturk, 
Devrim Atilla, AysGul, Gurekb, 
VefaAhsenb, Zafer Ziya Ozturk, 
Sensors and Actuators B 173 (2012) 
203– 210. 
[10] B. Schollhorn, J.P. Germain, A. 
Pauly, C. Maleysson, J.P. Blanc, Thin 
Solid Films, 326 (1998) 245–250. 


