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ABSTRACT

Ac conductivity in the frequency range ok 50° “5x10° Hz of Phthalocyaninato Aluminum Chloride (PcAICI)
was measured, which consists of frequency depenaedtindependent parts. The Dc conductivity isitatted to
the charge carrier’s transition, between valanag @nduction bands, while the Ac conductivity isedio hopping of
charge carriers, between the localized sites ardterdi level which is an indication of degree of enfection around
Fermi level in the crystal lattice.The number oé thopping sites were estimated, using Webb andianillrelation
4.7x1G%V'cm®,
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INTRODUCTION

Studies of temperature dependence of the electmaductivity of some compounds, show an agreemsht

Arrhenius behavior, which may be explained as ésellt of the presence of states, in the band gaprgd Femi levef}?.

AC conductivity measurements assumed the existehdecalized sites, between which electrons mayehop
In response to the alternating field. The hopingidtztion is frequency dependentafp”), where wis the angular
frequency. The sample which show significant chystgerfections or disorder, show a significantgfslency dependent
conductivity in addition to the frequency indepenid&Vhich make an assumption of both hole and elaanobilities and

their temperature dependence.
Such behavior has been found in many compoundh,as)cTCNQ complex salts,
Phthalocyanines and polym€&r&®:

In This work, phthalocyaninato Aluminum chloride c&Cl) was prepared, and its dc and ac electrical

conductivity were studied.
Synthesis of Phthalocyaninato Aluminum Chloride (PAICI)

A mixture of 5.59 g (0.04 mole) of phthalicunhydrjdL.19 g(0.01 mole) of unhydrous aluminum try cidie, 10
g of urea and 0.01 g of ammonium molybdate in bigrene were refluxed for six hours, with mecharstiaring.
The reaction mixture was then cooled and filtefBue solid precipitate was refluxed with water fd& rhinutes, cooled
and filtered. The same procedure was done withoaegethexane, chloroform and carbon tetrachlorideremove
the impuritie€). The final blue solid precipitate was dried at £00 The yield was 3.1 g (61%), don’t melt till 230.
The reaction question is shown in figure 1. CHN Igsia for the final product (§H1eNsAICI) shows: Calculated:
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C(70.13% ), H(2.78% ), N( 19.49%); Found: C(69.01%(2.21% ), N(18.32% ).
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Figure 1: Preparation of PcAICI
RESULTS AND DISCUSSIONS

IR: The disappearance of the carbonyl group at If@ and the presence of the aromatic at 3151 and &=N
1646 cntare the most characteristic IRspectftofl PCAICI. Figure 3.

'

T T T T T T T T T T T T T

3TEQD 2E00 2250 2000 IFES0 2500 250 2000 1FS0 1500 1250 1000 TEO
Po-Al

Figure 2: The IR spectrum of PcAICI

The electronic spectrum: The electronic spectruthefcomplexes, PcAICI, shows the characteristicgSband)
at 354 nm and, due ta;n* and n«* transitions, and Q band at 673 nm, which is dyertn* and weak d-d transition of

the central metal atom, hidden inside the Q-H&rid®), with an extinction coefficiente] 1.2x1dL.mol*.cm™. The solvent
DMF was used to prevent or reduce aggregatiornetomplex molecules.

T =
2000 - '|. -1
1.800 | =]
=1
= P 1
1.000 H ]
| |
|
= ) | |i
0500 _|.I ,-""’, “-._' e~ = | .
) = ™, ) |
'-.\‘ 2 | 'x,"/ I|
o000 e —1 —
zes.00 £00.00

S0 o0 B0 00O
mrn

Figure 3: The Electronic Spectrum of PcAICI
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ELECTRICAL PROPERTIES

Preparation of the samplesThe samples weicasted as sandwich cells, fiuorine doped tin oxide (FT( glass
substrate, which isonducting from one side with 1 # surface area. Thiickness of the casted film is 0.5 mm and ,
the cell constant is 10cmi*. The sample cewas put in cryostat, which is suppliedgth variable heating element and cell
electrode holder and voltage supple cryostat is connected to voltmeter and amnf&tés measure the voltage and the
current. The temperature was measured us«copper-constantan thermocoupiaced near the samplThe dc electrical
conductivity measurement wererdad out in the temperature range of (- 393) Kandat 3 volts. The Ac electrical

measurement were measuredhia frequency rancof (5 50) KHz and temperature range of (:— 393) K.
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Figure 4: 1/V curve at Different Temperatures forPcAICI

Figure 5, shows the I/¢urve for the complex (PcAICI), at 3%, voltage rangés 0-10 volts. It shows anohmic

relation, especially at lower voltageghere there is no space charge lin current.

Figure 6§ shows the relation betwe log conductivity (log) andlog angular frequen: (log w), at different
temperatures for the complex, wherés the angular frequency %), and f is in Hertz. The figure shows the increase o

conductivity, with frequencgand temperatu®®.

Figure 7, showshe variation of log conductivi with inverse temperature at differefrequencies, for both dc
conductivities at different frequencies. It shoWwas, the measuredc conductivity is higher than dc conductivity aha
conductivity is approaching the awnductivity, at lower frequency. The ac conductivity increasedth\increasing

temperature and frequency.
The measurement shows thtae measured conductivitor) contains ac and dmnductivitie: ® ),

oT =odctow

AE
Whereos,=o" (varieswith frequency, n is consta, andog follows Arrhenus equatio, o4 o€ kT

Figure 8 shows the variation dog Capacitance (logC) in pF, with legin Hertz. The figure shows the incre:

of the capacitance, with tempenaiand decreases wifrequency, hich tend to approach common va

Figure 9 shows the variation of log , —C), with In ® at different temperatu, according to Kramer

Kronigrelation®'® C = C, + A o™
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Where, C is the capacitance at any frequency anis@he capacitance at infinity (which means at s@m value

of capacities), which is assumed to be &tHf A and n are constants.

Using Mott and Davis equatiétt 2
Gy X (In2)e?KTN(E)%a*[In 2o

N (Ef), the number of energy states around Fermi lésedstimated to be 4.7x¥®V* cm?® where charge of

electron is 4.8x1esu, k is8.617xIDeV/K, T is taken as 303 Kg is the reciprocal interplanner spacing, which is

(3.5

calculated from X-ray diffraction ( Figure 109225"). 9pnis the phonon frequency taken as?9z © ¥ andw is taken as

5 kHz.

Figure 5: Relation between logs and log® at Different Temperatures, for PcAICI
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Figure 6: The relation between lag and reciprocal temperature for the frequency iedepnt part (dc

conductivity (1) and for frequency dependent pact ¢onductivity at different frequencies (2-5, 3-40, 5-30, 6-40, 7-
50)) KHz.
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Figure 7: The Relation Between log C and log at Different Temperatures for(PcAICI)
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Figure 8: The Relation Between log(C00 — ¢) and lag at Different Temperatures, forPcAICI
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Figure 9: The X-Ray Diffraction of PcAICI
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CONCLUSIONS

Thin film of PcAICI act as semiconductor. Ac contluity increases with frequency and temperature] @s
Capacitance decreases with both Frequency and Tatape The number of energy states around Ferral Is estimated
to be 9.6x18eVv'em?®
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