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Abstract

The electrical properties of poly (P-Aminobenzaltd) terminated by pheneylene
diamine doped with NgFe(CNE.NO].2HO films prepared by cast method have been
investigated.

The (Current — Voltage) and (Conductivity — temper@) relationships are measured in
the voltage and temperature ranges (5-120) V a88 {248) K respectively.

The resistance of the doped films is found to havesgative thermal coefficient. The
activation energy at temperature (288 -348)K alfout75)eV is found from the ohmic region
of the dark (current — voltage) characteristic. Thaductivity at room temperature was equal
to 2.5x10™ (S.cni).

The deviation from ohm's law has been analysecknm tof the available conduction
theories. Hopping conduction mechanism was condutte be the most probable as
interpreting the behavior of charge transport shguplied by injector electrodes.
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Introduction

Polymeric materials are well known as insulatingerals (as an inherent property)
and are used widely for many industrial applicaioh Even conductivity polymers in their
intrinsic nature are insulators_and can be trarsfieto conductors by suitable doping with
strong acceptor or donor agefits

A great efforts are consumed to control the eleatrtonductive properties of polymers
in an analogous manner to semiconductors taking agtount the possibility of combining
the desirable physical properties with electronioctions”. The mechanism of the electrical
conduction in polymers is not fully understood amsually characterised as a complex
process depending not only charge transfer in thie but also across the polymer — metal
interface at the electro

lonic conduction mechanism was found in LPC serediCFCGO; complef),
Plasticized poIy(methylmethacrylate)/poIy(vinylidenfluorideg [PMMA/PVAF] blend
polymer electrolytd®, * LICLOJ/PEO/PCL Ternary Blendd and single crystals of
KTiIOPO,®.

Space charge limited current mechanism (SCLC) isentked in several organic
polymers such as po&/ethylé?ieand poly alpha naphthyle acrylate (PNA) doped with
Lithium chloride (LiCIf*?,

Tunneling conduction mechanism is the dominantiange very thin films such that
thickness ~ 35A ™Y The conduction mechanism type Schottky is foumd i
poly(pyromellitic-1,2 Naphthylene diimide) [PPNE, Fe — doped BaTi§}® and PPAB
terminated by phenylene diamiié The conduction mechanism type hopping was gbderve
in (4-Bromo Isatin — 4B films*®, (PPAB — DDS) film¥&’, poly (phthalocyanine) (PEY,
Benzidine terminated poly (P-Aminobenzaldoximentfiims*” and Amorphous Heavy —
Hydrogenated silicoft®

In the present study the electrical propertiesaly pP-Aminoben zaldehyde) terminated
by phenylene diamine doped with Jffée(CN).NO].2H,O have been investigated based on
measuring (current — voltage) and (conductivity emperature) characteristics. The
conduction mechanism in the polymer film has belemiified.
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Experimental Procedure

Poly (P-Aminobenzaldehyde) terminated by phenyldi@mine is synthesized used
condensation polymerization adopting to method iptesly reported

Figure (1) shows the expected structure of therpetyunder the present study (see
ref.19).

.............................................................................

Figure (1) Expected structure of the polymer.

The  resulted resin  then is doped with ,R&(CNs).NO].2H.O0.
Polymer films with thickness ~ (25um) were depakib® aluminum substrate using solution
cast technique. The thickness is measured by metenthat range (1-100) pm.

The polymer is first dissolved in Dimethyl FormamidDMF) with stirred at room
temperature for (4 — 6) h. The stirred solution wast on the substrates cited horizontally to
get a homogeneous thickness. The solvent is alldovegtaporate slowly at room temperature
followed by vacuum drying. Current process was igdpio the samples as a final process via
increasing the temperature in the rates/k@ up to 80C .

Circular aluminum electrodes with 0.1 cm radius deposited by evaporation method
under vacuum 10 Torr on the polymer surface using [LABORGERATH UND
UAKUIJIMTECHNIXD.6980 WERTHEIM/MAIN,HP 150B PUDOLF HB AND GMBH +
CQO]

The samples of Al/polymer/Al structure are keptlark and shielded box to avoid stray
capacitance.

The current is measured by using amplifier mod&3200 with digital voltmeter model
Philips PM 2522. the measuring system has a twiinpla probes supported on free moving
arms cited beside a hot plate. Thermocouple of typper constantan is fixed on the top of
the sample to measure the temperature, where rigetature was varied by external circuit
through temperature controller.

The whole system is cited in vacuum desicateratesfy that all measurement were
carried out under vacuum.

Results and Discussion

The electrical properties of the polymer films héeen investigated with measuring the
steady state current in order to obtain the repmbdiei results. Steady state measurements are
necessary to apply due to the existence of absormiirrents. The absorption current are
generally observed in bulk insulating materfé

The abﬁorption current decays with time (t) apprately according to the relatidfi®)

l=Kt™ 1

Where K, n are constants.

Fig (2): Shows the relation between current passa®ss the sample and time
measurement after applied voltage 60 (Volt) andpenature 308K. The steady current was
recorded after 4min from applying the voltage addpded for all measurements.

The (I — V) characteristics of the film with thiod®ss ~ (25um) was measured in the
voltage (5- 120)V and temperature (288 — 348) Khaswvn in Fig (3).It can be observed , that
the current increases with increasing of tempeeatand voltages at range (5- 50)V and then
saturated at range (50- 120)V in the temperatus8¢and 298 K .
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At low field region (5 -25) V the current showsnoic behavior which indicates the
thermal generated charge carrier which effectedheycurrent limits“?. At voltage greater
than 25V the current rise as voltage increasing #weddeviation from ohm's law can be
discussed by different conduction mechanisms that possible to take place in solid
polymers.

The bulk conductivity of polymer film in the ohmregion was found to be 2.5x10
(s.cm') at temperature 288K. The conductivity versus réagiprocal of the temperature
(10%T) is shown in Fig (4). A semi conducting behavieobserved satisfying the negative
resistance coefficient of the conductivity; thishaeior was also noticed in previous polymers
for electronic application&® 2%

The activation energy at temperature (288 — 34§)hk ohmic region) was calculated
from slope of the straight line in fig (4) and ugiirhenus equatio
QJ = o, € Ea#KT) and found about to be (0.175eV). The non ohmicatien
indicates that the injected electrode carriers grgater than thermally generated charges,
therefore, different conduction mechanisms could&®urred to explain the charge transfer.
The most probable conduction mechanism in thisystvak estimated on the basis of voltage
and temperature dependence of steady state current.

Tunneling mechanism is not applicable in our ingagion because it requires very thin
films and current is independent on temperature.

Fig (5): shows the plot of -LrsT) versus (18T), where ionic conduction mechanism
can be expected to gccur if data shows non linependence, on the other hand the plote of -
Ln (6T"% versus (18T) as shown in fig (6), where ionic conduction imegism can be
expected to occur if data show linear depend%ﬂce

Moreover, the (I —V) characteristics do not obey general ionic equation (hyperbolic
sine relation ship) as shown in fig (7), thereftre ionic conduction mechanism is excluded
from this study. The relationship betweenand 1/T* as shown in fig (8) confirm the
hopping mechanism proce&<)

The experimental data are well fit to the variaislege hopping equation .

1/(d+1)
o = o(T) exp(%) ............. (2)
Where d indicates the dimensionality (d=3) and
-1
T, a [a*NE, )" (3)

Where N (B is the density of state and (a) denotes theiktan length.

Fig (9): shows the relationship between currentsier{J) and films thickness (d), a
linear relationship is obtained with slope lesstBa That indicates the space charge limited
current (SCLC) mechanism is fails as reliable anmterpret the characteristics.

Fig (10): shows the plot of | versus’fr film at several temperatures. The non linear
relationship at high field gives a clear evidenbat tneither Schottky nor Poole —Frenkel
eff((az%[ mechanism could be speculated to explaimakealts. The Schottky expression is given
by~

—_ Y2 _ e
| = I,exda E"?-&)....... @)
The theoretical values of:,andapr are calculated from the following relations:
1
R Sy - 5)
K

OpE = 2(lsch ................. (6)

Where E is the applied field,
® the work function of the polymer metal interface,
g carrier's charge,

a
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&, the permittivity of free space ,

€ the high frequency relative dielectric constant

The experimental values afcan be obtained from the slope of fig (10)

measured in the high field region. The theoretiedilies ofosch andapecan be calculated from

equations (5) and (6). And the values are listeBaible I.

Table I: shows the experimental and theoretical vales of Schottky and Pool —Frenkel

| T (K) &€ Oexp Osch Opg
28¢ 18.7¢ 7.75x1C* 3.53x1(° 7.05x1(°
30¢ 22.3. 1.5x1¢° 3x1C° 6x1C°
31¢ 24.1 2.51x1C° 2.8x1C° 5.6x1C°
32¢ 26.7¢ 1.58x1C° 2.59x1C° 5.1x1C°
33¢ 32.1¢ 1.34x1C° 2.29x1C° 4.58x1(°
34¢ 38 9.11x1(" 2.1x1C° 4x1C°

From the table one can conclude that the Schotti Bool — Frenkel mechanism
excluded from this study.

Fig (2): The time dependence of current at 288K an@0 V.
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V(volt)

Fig (3): The relationship between current and voltge at different temperatures.
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Fig (4): The relationship between conductivity and10%/T)
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Fig (5): The relationship between —Ln ¢T) Vs (10°T) for ionic conduction test.
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Fig (6): The relationship between —Ln §T*?) V/s (1G/T) for ionic conduction test.
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Fig (7): Current density as a function of electridield
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Fig (8): The relationship between conductivity and10%/TY)
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Fig (9): The relationship between current densityJ) and thickness (d)
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Fig (10): The relationship between current and E? for doped polymer film with thickness (25im)
at different temperatures
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Conclusion

The d.c electrical conductivity measuremeritgoly (P-Aminobenzaldehyde) terminated
by phenylene diamine doped with Jffee(CN).NO].2H,0 to be 2.5x18" (S.cnmi') at room
temperature . Hopping conduction mechanism effea$ whown to be dominant process.
Temperature dependent conductivity with a activegoergy at temperature (288 — 348) K
about (0.175 eV) and positive thermal coefficiemtsvobserved in all temperature ranges.The
polymer became nearly a semiconductor after it ddgyeNa[Fe(CN}.NO].2H,0 .

References

1. D. A. Seanor. Electrical properties of polymers,ademic press. New York, P.33
(1982).

2. A. Q. Al-Asadi "Synthesis and charcterisation o¥/#g) Flu and (PVA — g — RhB)
study there Electrical properties and it's App. $chottky Diode MSC
thesis phy.college of science Basrah Universitsag (1998).

3. W. A. S. Abdul Ghafor "Synthesis characterisationd astudy of some New
condensated polymers; Their Electrical Propertind &pplications as
FET" ph. D. thesis. College of Science, Universitydasrah (1996).

4. W. A. S. Abdul Ghafor, W. A. Hussien, A. M. Haddadd G. A. Adam. Basrah J.
Science, C, vol. 18 No.2 P. 131 (2000).

5. S. Hun Kim, J. Young Kim, H. Sang Kim and H. NamchaSolid state lonics vol.
166 P. 63 (1999).

6. S. Rajendran, O. Mahendran and T. Mahalingam. Eawppolymer Journal vol. 38
P. 49 (2002) .

7. C. Y. chiu, HO W. chen, S. W. Kou, C. F. Huang afd C. chang.
J. American chem. Society P. 8424 (2004).

8. B. Mohamadou, F. Brehat, B. Wynck and P. Simon.ofl. physics No. 3
P. 9489 (2006).

9. R.J. Fleming. Brazilian J. of phys. vol. 29, N&.2280 (1999).

10. S. A. Ali "Study of the effect of some dopants dectrical conduction mechanism of
poly alpha naphthyle acrylate” MSC. thesis phyegdl of education.
Basrah University (2005).

11. S. Hirota and U. Itoch, Thin Solid Fims, Vol. 165,337 (1988).

12. W. A. S. Abdul Ghafor. Iraqgi Polymer J. Vol. 1 NDP. 8 (1996).

13. N. Maso, H. Beltran, E. cordoncillo and P. Escribadournal of Materials chemistry
(2006).

14. H. K. Ibrahim "Study of the electrical mechanisnddhe dielectrical properties of the
doped films of the poly (P — Aminobenzal-dehydenieated by phenylene
diamine" MSC. thesis Phy. College of education. r&asUniversity
(2006).

15. W. A. S. Abdul Ghafor, H. F. Hussien and H. Abdudliél. J. Basrah Researches Vol.
28 pant4 P. 114 (2002).

16. H. F. Hussien. J. Basrah Researches Vol. 28 parti26 (2002).

17. W. A. S. Abdul Ghafor and A. M. Haddad. Basrahdefce, C, Vol. 15, No.1 P. 129
(2997).

18. K. Ohno, K. Murayama and A. Matsuda JPn J. Applysies. Vol. 44 part 1
P. 4764 (2005).

19. A. M. Haddad and G. A. Adam, Basrah J. ScienceMNoNo.1 P.1 (2000).

20. J. I. Kroschwitz, Editor, "Electrical and Electrorproperties of polymers. A state — of

— the — Art compendium" Encyclopedia Reprint, Jo¥illey and sons, N. Y
P. 140 (1988).

21. W. G. Lawson, Brit J. Appl. Phys. 16. P. 1805 (1965

22. W. A. S. Abdul Ghafor, Iraqgi J. of polymer Vol. 88 2507 (2000).

23. H. F. Hussein . J. Basrah Researches, Vol .28 .3Fart126 (2002).

24. W. A. S. Abdul Ghafor, W. Z. Manookien and G. A.&d, Iragi J. of polymer, 1 P.
59 (1997).

25. F. E. Karasz 'Dielectric properties of polymer" mlen press, N.Y.
P.15 (1972).

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



H. K. Ibrahim

26. C. K. Chaing, G. T. Davis and C. A. Harding J. 8o&tate lonics Vol. 18
P. 300 (1986).

27. N. F. Mott and E. A. Dawis, Electrical processesiam crystalline materials, Oxford
Univ. Press, Oxford, P. 32 (1979).

L)

S Ayl Al (g3 (mL@_mJ).u el — D) (A el AileSll Gal &A1l Ay Gl 130 A o3
Na[F‘e(CN);] 2H,0 sl diia A agngall S Ssuaal) Joeg i Gl oaled saley u,mn b
(5 - y);l\ k-ll;)ﬁj A_ll.\.\l}sn UALEJA t.éﬁ (y);l\ AAJ.J— 4_\3.\‘.4}\3\) JJS} (4_\.\335”— JL\.\“ a u,uL\S ?"
s e (288 = 348)K5 120)V

O Apsnal) Lol 2l ofy s (g delne i Lopihall £ Y1 Aaglin f plenl) bl ikl
e Alaagl) Glua 5 .(0.175)eVieiad culS s V) dikid e (Rl - Ju\) S didad Pla
2 5)(10 4(8 Cm ) L@_"m.\é A_UIS} ﬂ)ﬂ\ DJJA 4;)& ém\

ol ang By Adeall eyl b Al JM,J\ utﬂ,h Ps o gl oludl e ) s s

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



