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Phthalocyanine compounds are drawing 

attention as functional pigments in various 

fields and many interesting research results 
are reported. Naphthalocyanines having naph- 

thalene rings instead of benzene, on the con- 
trary, have been studied less in spite of the 

preponderance due to the wide spread ~-elec- 
trons as electro-conductive materials (I). 

Here, we have synthesized fluoroaluminium 2,3- 
naphthalocyanine and measured some of its elec- 

trical properties. 

PREPARATION OF FLUOROALUMINIUM 
2,3-NAPHTHALOCYANINE (AINcF) 

2,3-Naphthalonitrile 17 mmol and AICI 3 
7.5 mmol were mixed and heated for 1 hr at 300 ~ 
C. The product was pulverized and washed re- 

peatedly with water and acetone to give crude 
chloroaluminiumn 2,3-naphthalocyanine (AINcCI) 

(2). Yield 80%. It was purified either from 
pyridine or DMF. AINcCI 1 g was heated with 

ammonia 50 ml and pyridine 25 ml for 7 hr at 

I16~ to obtain AINcOH, 1 g of which was then 
heated with 18 ml of 48% HF until dryness. The 
obtained AINcF was washed well with water and 
methanol and purified from pyridine solution. 

PROPERTIES OF AINcF 

AINcF was sublimed slightly on a quartz 
plate at 3x10 -5 torr and measured for UV-Vis 

spectra (Fig. I). Absorption corresponding to 

Q band was shown at 717 nm and the one for 

Soret band was at 324 nm. The band gap at room 
temperature was estimated ca. 1.72 eV. Absorp- 

tion maxima of the AINcF in pyridine appeared 
at 715 nm and 328 nm. 

The specific resistivity for the disk sam- 
ple of AINcF prepared by pressing AINCF powders 

at 400 Kg-cm -2 was 3.5x102/l.cm, an extra- 
ordinarily small value as an organic material, 

at room temperature. The surface resistances 
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for the sublimed AINcF films (ca. 900 nm and 

50 nm thick) are shown in Fig. 2. Several 

runs of heatings and coolings were carried out 
at 10 -2 torr on the same samples preheated to 
200~ at that reduced pressure for I0 min. 
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Resistance vs. reciprocal temperature relation- 

ship changed with the repetition of the mea- 
surement. In case of 900 nm-thick film, acti- 
vation energy of carrier formation was calcu- 
lated as 0.28 eV from the lines. In 50 nm- 

thick film, repetition of heatings and coolings 
gave hystereses of the curves, of which the 
slopes were different at higher and lower tem- 
perature regions. For these temperatures, 
activation energies were respectively 0.28 eV 
and 0.39 eV. In all cases, the smaller acti- 
vation energies than the band gap 1.72 eV sug- 
gest that the conductivity of the AINcF is 
arisen from the ionization at impurity levels. 
From the observation of Seebeck effect, it was 
proved that AINcF was a p-type semiconductor. 

S lo 9 
u 
E 
r~ 
.m_ 
tn 

u 

~ 10 8 

Fig. 3. 

0.39 eV 

3.0 3.5 
2.5 1 (10-3 K-l) 

T 
Surface electric resistance at 
reduced 02 concentration. 

Fig. 3 shows the surface resistance of 
AINcF sublimed film which was measured at 3x 
10 -5 torr without the exposure to air. The 
same two values of activation energies (0.28 eV 
and 0.39 eV) were obtained as in Fig. 2. In 
situ reduction by the addition of hydrazine 
before the sublimation of AINcF was tried on 
the sample for resistance measurement. The 
surface resistance was increased less with the 
decrease of temperature. It is considered that 
remaining oxygen in the vessel adsorbs on AINcF 
with the decrease of temperature and makes 
impurity levels in the band gap. 
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Fig. 4. ESR for sublimed AINcF. 

To conclude, AINcF is a highly electro- 
conductive material and the conductivity is 
brought about by oxygen molecules densely and 
stablly adsorbed on it as well as by horizon- 
tally expanded ~-electron system of the naph- 

thalocyanine. 
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Fig. 4 shows ESR spectra of sublimed AINcF 
on quartz measured at ambient temperature along 
with the ones for metal-free phthalocyanine 
(H2Pc) and fluoroaluminiumphthalocyanine (AI- 
PcF). The strong ESR signal for AINcF is 
almost the same as that for AIPcF in g value 
(2.003), 4H s (I.i G), and microwave output 
dependencies. ESR spectrum of H2Pc (g=2.003) 
is known to arise from 02-'(3). In reference 
to DPPH (l,l-diphenyl-2-picryl-hydrazyl) which 
was adsorbed on KBr powder, the radical densi- 
ties were estimated as follows: 5x1022, 2x1022, 
and 2x1020, for AINcF, AIPcF, and H2Pc, respec- 
tively. 
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