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We have reported recently on the phase behaviour of copper and zinc 
phthalocyanines [l]. The various metal-substituted phthalocyanines are of 
current interest as potential materials for thin-film gas sensors, particularly 
in view of their thermal stability, high conductivity and sensitivity to a 
variety of gases [2-S]. A number of studies have been made to examine the 
importance of the metal atom in the adsorption/absorption processes for 
various gases, the results indicating that no particular phthalocyanine is 
superior for the whole range of gases of interest. For example, Jones and 
Bott [5] have shown that for electrophilic gases the sensitivity (conductivity 
change) increases progressively as heavier metals from the first transition 
series are used. 

The electrical properties of these materials are strongly dependent upon 
the specific crystal forms and a requirement of any particular gas-sensing 
film is that the crystal form utilized should be both well defined in terms of 
its gas-sensing properties and that the phase should be stable over the 
temperature range likely to be encountered in the gas-sensing environment. 
Our previous studies, together with the results of Fustoss-Wegner [9] on 
metal-free phthalocyanine, indicate that, at least for certain phthalocyanines, 
the phase change occurs in two stages with a well-defined intermediate state. 
In the present work we have extended these measurements to cobalt and 
nickel phthalocyanines to try to determine the generality of this behaviour 
and we have also given closer consideration to the intermediate state in zinc 
phthalocyanine. Measurements have been made using differential scanning 
calorimetry, infrared absorption spectroscopy to characterize the phases and 
transmission electron microscopy. 

EXPERIMENTAL 

The cobalt and nickel phthalocyanines were supplied by Fluorochem Ltd. 
and the zinc phthalocyanine by Thorn-EM1 Central Research Laboratories. 
The as-supplied material was purified by entrainer sublimation in a three- 
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zone electrically heated tube furnace in a steady 0.5 1 min-’ flow of 
zero-grade argon. Phase changes were studied using a Perkin-Elmer DSC-2 
differential scanning calorimeter calibrated with AnalaR tin and high purity 
indium. 

RESULTS AND DISCUSSION 

infrared spectra of cobalt and nickel phthalocyanines 

As a precursor to the DSC studies the IR spectra of the (Y and j3 phases 
of CoPc and NiPc were determined. cr-NiPc was prepared by dissolving 
&NiPc in 98% sulphuric acid using, for comparative purposes, the method 
of Griswold [lo], in which the a form is prepared from the crude /3 form, 
and the method of Iwatsu et al. [ll], in which the (Y form is prepared from 
the sublimed p form. 

The a-form spectra for the two preparation methods were identical and 
both these and the /3 spectra were identical with those reported by Kobayashi 
et al. [12]. cu-CoPc was prepared by precipitation from a solution of 
sublimed j3 form, dissolved in sulphuric acid, by the addition of water [13]. 
The spectra obtained were in agreement with those reported by Steinbach 
and Joswig [14] and Metz et al. 1151. 

DSC studies 

Figure 1 shows a typical DSC thermogram of an ar-NiPc sample heated at 
10 K mini’. It is apparent that there are two endothermic peaks in contrast 
to CuPc and ZnPc which show two exothermic peaks, and one exothermic 
and one endothermic change, respectively. However, in agreement with 

Ntckei phthal~yanln~ 

Heating rate 10 “C mm“ 

1 

450 500 550 600 

TEMPERATURE K 

Fig. 1. DSC thermogr~ of an NiPc sample heated at 10 K rnin-‘. 
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TABLE 1 

Heating parameters for NiPc 

Heating rate Sample mass 
(K min-‘) (mg) 

10 9.9 
10 24.9 

20 16.4 

20 17.6 
40 7.9 

Activation Heat of 
energy transition 

(kcal mol-‘) (Cal g-‘) 

79.3 1.25 
48.0 0.27 
54.7 4.33 
60.7 3.86 

70.9 - 

those materials the peak temperatures were found to be dependent upon the 
sample heating rate; the higher the heating rate the lower the peak tempera- 
tures. Infrared spectra indicated that the p form was not achieved unless the 
sample had been heated to a temperature above that of the second peak. 

Activation energies and heats of transition (enthalpy changes) were 
calculated for the second peak by the methods used in our previous work 
[16,17]. These are listed in Table 1. At 40 K min-’ the peak was not 
sufficiently well defined to justify calculation of the enthalpy change. It is 
clear that both the activation energy and heat of transition are determined 
by both the mass of the sample and the heating rate. Bearing these 
variations in mind and also the inevitable spread in results of this type, it 
can be seen that both the activation energies and enthalpy changes are larger 
than for either CuPc or ZnPc. 

Figure 2 shows a DSC thermogram of a sample of a-CoPc. It can be seen 
that the plot consists of a large endothermic peak extending over a wide 
temperature range, followed by a much smaller endothermic peak. Measure- 
ments at a variety of heating rates failed to “localize” the first peak to 

Cobalt phthalocyanme 
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Fig. 2. DSC thermogram of an CoPc sample heated at 20 K mix--‘. 
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TABLE 2 

Heating parameters for CoPc 

Heating rate Sample mass 
(K min-‘) (m8) 

10 11.5 
20 8.3 
20 13.3 
20 14.5 
40 11.9 

Activation 
energy 
(kcal mol-‘) 

183.8 
198.1 
176.3 

- 

Heat of 
transition 
(cd g-- ‘) 

0.135 
0.997 
0.701 
0.663 
0.71s 

within a smaller temperature range, unlike the behaviour of the other PC’S 
that we have studied where a slower heating rate tends to give a narrower 
peak. However, whilst the “peak position” is difficult to determine for the 
very broad first peak, measurements at varying heating rates indicated that 
for increasing heating rate the first peak moves to lower temperatures 
whereas the second peak moves to higher temperatures. The activation 
energies and enthalpy changes associated with the second peak are shown in 
Table 2. The rather different behaviour of CoPc compared with the other 
PC’S, as shown in Fig. 2, is reflected in the parameters in Table 2, the 
activation energies being rather high and the enthalpy changes much lower 
than for NiPc. 

“Indermediate” phase 

These and previous results indicate that H,Pc, CuPc, ZnPc, NiPc and 
CoPc all show two peaks in their DSC thermograms. However, the varia- 
tions in relative peak magnitudes and exothermic/endothermic behaviour 
suggest that the (Y + p transition may not involve identical mechanisms in 
each case. In an attempt to characterize the materials in the inter-peak 
ranges we determined the infrared spectra for both ZnPc and CoPc samples 
which had been heated to temperatures above the first peak but below the 
second. The spread of the first peak in the case of CoPc meant that some of 
the spectra obtained were actually from the upper temperature region of the 
first peak. However, the results obtained were qualitatively the same for 
both materials. The spectra obtained were identical to the a-phase spectra 
with the exception of one (CoPc) or two (ZnPc) extra-small peaks in the fine 
structure. The transition to the /3 form is clearly associated exclusively with 
the second peak. As the “intermediate phase” is thus essentially still in the (Y 
form it was felt necessary to investigate the phenomenon causing the first 
thermogram peaks which, with the exception of NiPc, are larger than the 
second (conversion to /3) peaks. Observations of the c~stallinity of ZnPc 
films were therefore made using transmission electron microscopy. ZnPc 
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layers were deposited on single-crystal KC1 substrates and then transferred 
to microgrids and also directly onto carbon layers on microgrids. The results 
were the same for both types of substrate. The room-temperature deposited 
films exhibited electron scattering patterns with three diffuse rings and 
electron micrographs showed that the films consisted of randomly oriented 
microcrystallites. Heating to progressively higher temperatures through the 
first thermogram peak resulted in an increase in crystallite size and in- 
creased sharpness in the scattering pattern. However, there was no indica- 
tion of any change in the crystal structure. It is apparent that the first peak 
is associated solely with the coalescence and growth of a-phase crystals. 

Electron microscope studies of phthalocyanines suffer from the tendency 
of films to degrade within a few seconds of exposure to the electron beam. It 
is thus necessary to ensure that such observations are not the result of 
beam-induced effects. The present studies were therefore repeated using a 
polarizing microscope. Qualitatively identical results were obtained. 

SUMMARY 

The present results indicate that phthalocyanines heated to progressively 
higher temperatures undergo not only a fairly well-defined transition to a 
stable j3 form but at lower temperatures undergo a gradual exothermic or 
endothermic change associated with the growth of a-form microcrystallites 
into larger crystals. Results to be reported elsewhere indicate that the 
electrical properties, including gas sensitivity, also change during microcrys- 
tallite growth. Thus stability requirements suggest that phthalocyanines in 
which the p phase shows the greater gas sensitivity would appear to be more 
appropriate to microcircuit-based thin-film gas sensors where elevated tem- 
peratures are to be expected. 
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