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Abstract: 

The electrical conduction mechanism of polyurethane(PU) was doped with a crystal 

violet (CV) at  weight ratio of 1:3,Electrical measurements including (current-voltage) and 

(conductivity-temperature) characteristics at a temperature range of (311-393)K .The result 

shows that the sample has a semiconductor behavior as its conductivity increases with the 

increasing temperature and the value of dark conductivity at R.T estimated from Ohmic 

region was about 4x10
-9 

S/cm .The required energy to  move electrons from valence band to 

conduction band can be estimated to be about 0.92eV.The deviation from Ohmic law was 

been analyzed in terms of variable range hopping (VRH) conduction theories. 

Keywords: Polydye; Conduction mechanism; Electrical conductivity; Polyurathane; 

crystal violet dye. 

 

صبغة البىفسج  / مه البىلي يىريثاندراسة ميكاويكية التىصيل الكهربائي لخليط متعذد 

(PU/CV)البلىري

 صالح حىىش ودادعبذ الرضا عريبي                عمادقاسم عبذ الله            علي 

ميُخ اىعيىً / جبٍعخ اىجصرح / قسٌ اىنَُُبء

 :الخلاصة

 .  3:1درسذ اىخىاص اىنهرثبئُخ لأغشُخ رقُقخ ٍِ اىجىىٍ َىرَثبُ اىَطعٌ ثصجغخ اىجْفسج اىجيىرٌ وثْست وزُّخ 

رست اىجىىَُر عيً قىاعذ ٍِ الأىَُْىً . حييذ اىقُبسبد اىنهرثبئُخ واىزٍ رزضَِ اىعلاقخ ثُِ اىزُبر واىفىىزُخ واىعلاقخ ثُِ 

  اىزىصُيُخ ودرجخ اىحرارح فٍ اىَذي ثُِ
o
K (311-393) أثجزذ اىْزبئج أُ اىجىىَُر َسيل سيىك شجه  ٍىصو حُث رسداد .

4x10اىحرارح وقَُخ  اىزىصُيُخ  هٍ  ثحذود  اىزىصُيُخ ٍع ازدَبد درجخ
-9

 S/cm  رٌ حسبة طبقخ اىزْشُظ ىيجىىَُر ووجذ.

اّزقبه حبٍلاد اىشحْخ ىيجىىَُر اىَحضر حُث مبّذ ٍِ ّىع الاّزقبه  خدرسذ ٍُنبُّنُ .eV 0.92أّهب رسبوٌ   

 .الاىنزروُّخ ثبىقفس عْذ اىَجبلاد اىىاطئخ

صجغخ اىجْفسج  ;ثىىٍ َىرَثبُ ;اىزىصُيُخ اىنهرثبئُخ ;ٍُنبُّنُخ اىزىصُو ;ٍزعذد صجغخ  الكلمات المفتاحية:

 .اىجيىرٌ

1. Introduction 

Polymer films have been extensively 

investigated in the last few years  due to 

their potential applications in LEDs, 

Sensors  and Photovoltaic devices[1-

3].Many researches have carried out 

studies on the conduction mechanism of 

the polymer thin films achieved using  

many different  ways , Ali et.al. [4,5] have 



JOURNAL OF KUFA – PHYSICS, Vol.9, No.1 (2017) ___ ___ Ali Q.Abdullah  ; Emad abdul reza arebi; Widad S.Hanoosh 

19 

 

used Schottky mechanism in polyvinyl 

alcohol grafted Rhodamine  B ,while space 

charge limited current when reaction 

Phathalic  anhydride reaction with 

Fluorescien dye in acidic medium .         

       Thin organic films have 

attractive features and being widely 

investigated for their using in electronic 

devices . The major advantage of organic 

materials over inorganic semiconductors is 

that they can be deposited by evaporation , 

spin – coating , screen printing , and 

casting . These deposition methods are 

simpler and cheaper than most of those that 

used in inorganic semiconductors . Crystal 

violet or Gentian violet or Methyl violet 

(10B) is a triphenyltmethane dye as shown 

in Fig. (1).  The dye used as a histological 

stain  in Gram's Method of classifying 

bacteria .Crystal violet has antibacterial, 

antifungal, and anthelmintic properties and 

was formerly important as a topical 

antiseptic. The medical use of  this dye has 

been largely superseded by much modern 

drugs, although it is still listed by the 

World Health Organization. When  the dye 

dissolved in water the it has a blue-violet 

color with an maximum absorbance at 590 

nm and an extinction coefficient of 87,000 

M
-1

.cm
-1

, [6,7].  The electrical conduction 

properties of thin polymer films have been 

extensively studied in recent years to 

understand the nature of charge transport  

in these materials [8] . The objective of this 

study is to investigate  the organic  dye CV 

influences on electrical properties of 

polyurethane. 

 

Fig. (1) Structure of crystal violet 

 

2. Experimental Part 

1 gm of PU/CV was dissolved in 5ml 

of pure ethanol  and mechanical stirring on 

meganitic stirre for 15 min was achieved 

.The mixture is very good soluble  , to 

extract it of any material poor solubility, 

filter paper was used .Aluminum substrates 

was used to study the electric conduction 

mechanism of  (PU/CV) .The aluminum 

substrates were ultrasonically cleaned  in 

distilled acetone, deionized water .After 

the cleaning the substrates, polymers as 

thin film have been deposited on aluminum 

substrates  at normal equilibrium condition 

using cast method from solution 

technique[9].                                                                                                                                        

All substrates transferred to the chamber of 

thermal evaporation model varian 3117 to 

evaporate the front  upper aluminum 

electrodes under vacuum of 10
-5

torr at 

circular shape with area of 0.2cm
2
.The 

sample and electrodes were enclosed in an 

oven whose temperature was controlled by 

proportional controlled ,and a regulated 

voltage range from     (1-60V) was 

supplied by power supply model hp 6443B 

.The current was measured by ammeter   

and voltmeter model SC-MultiLOGGER 

IWATSU Electric Co.LTD. A schematic 
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diagram of electrical properties 

measurement is shown in Figure (2). 

3. Result and Discussion: 

The electrical measurement of 

PU/CV was conducted at a steady state 

condition . Figure (3) shows the 

relationship between the current and 

applied voltage at different temperature 

range (311-393K).At law voltage (≤10V) 

Ohmic conduction mechanism was 

observed clearly which indicates that the 

charge carriers are thermally generated , 

and charge carriers which are effected by 

current limits [10] ,from the Ohmic region 

the dark conductivity can be estimated at 

R.T which was about            4x10
-9 

S/cm 

.At high applied voltage (≥10V), non-

Ohmic behavior can be notice which 

indicates that the injected electrode carriers 

are greater than the thermally generated  

charge . Figure(4)shows the temperature 

dependence of the conductivity of the 

sample which indicates that it is fitted to 

Arrhenius law  [11] : 

 

                                             ….. (1)      

Where :σo is the pre –exponential 

rate corresponding to 1/T=0,Ea is the 

activation energy ,KB is the Boltzmann's 

constant and T is absolute temperature. 

The polymer has a semiconductor behavior 

where the conductivity increases with 

increasing temperature due to delocalized 

π-electrons [4],from this Figure, it can be 

estimated that the activation energy (Ea) 

from the slope of the straight line, it found 

to be 0.92eV.Mott's conduction mechanism 

(variable-range hopping) VRH , which was 

successfully applied to this polymer 

according to the equation [12] : 

nBTAe

1

  ....... (2)  

    Where A,B and n are constants 

,the value of the exponent (n) determines 

the nature of the conduction mechanism. 

Experimentally, DC conductivity 

measurement was carried out for the 

sample  shows that the temperature 

dependence of the DC conductivity obeys 

lnσ(T) versus T
-1/4

 in Figure(5), which is 

consistent with a charge transport process 

governed by the theory of (VRH) that has 

been successfully used in describing the 

transport properties in a variety of disorder 

semiconductors. In this study another 

possible conduction mechanisms such as 

ionic ,space charge limited current, 

Schottky and Poole-Frenkel effect and 

tunneling were also studied to identify the 

proper investigation.       Figure (6) shows 

the relationship between  ln(σT) and 10
3
/ 

T,where the linear relation can exclude the 

ionic mechanism from our speculated [13] 

.The possible existing of Schottky or Poole 

–Frenkel effect can be investigated from 

the relationship between current and square 

root of electric field (E
1/2

) . A nonlinear 

behavior was obtained at high electric field 

as shown in  Figure (7)
 
,also (current –

voltage) characteristics does not obey the 

general space charge limited current 

.Moreover, the range of thickness for films 

under study were out of range satisfying 

tunneling mechanism[14]. 

Tk

Ea

odc
Be




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Figure (2): Schematic diagram of the electric circuit 

 measurement 
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Figure (5):The relationship between lnσ(T) and T
-1/4

 . 

 
Figure (4):The relationship between -lnσ(T) and 

10
3
/T . 

 

Figure (3):The (current-voltage)characteristics at  

different temperature range (311-393K). 
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4. Conclusions 

The electrical properties of  polymer 

blend (PU/CV) films has been carried out. 

It is shown that this polymer has a 

simeconducting property. Its conductivity 

is in the order of magnitude           4x10
-9 

S/cm. The DC electrical conductivity of 

the polymer shows typical Arrhenius -type 

dependence on temperature and its 

behavior can be explained by means of 

hopping conduction mechanism. The 

current - voltage characteristics for the 

polymer could be interpreted in terms of 

both Schottky and Pool -Frenkel effects. 
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