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Abstract

Synthetic metal phthalocyanine sheet polymer of copper showed exceptional thermal stability with maximum polymer decomposition
temperature (PDJ,) 525°C in air and 760C in nitrogen with char yield 91% at 80C in nitrogen atmosphere. Because of its excellent
thermal stability, MS and GC-MS studies found to be very difficult. The present work deals with GC—MS studies on this copper phthalocyanine
sheet polymer at various temperatures in the range 500-=C00@ntative mechanisms for its modes of fragmentation are proposed and most
probable degradation products are identified based on GC-MS studies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction meagef28]. Study on the thermally stable metal phthalocya-
nine polymers presented greater difficulties than the study on

Phthalocyanine is one of the most thermally stable the metal phthalocyanine monomers because of their greater

substancef.,2]. In addition to the excellent thermal stability  thermal stability, chemical inertness and insolubility. Ther-

of phthalocyanine and its metallic derivatives, properties mal degradation study is not done previously on copper ph-

like chemical inertness, very high tinctorial nature, semi- thalocyanine sheet polymer. GC and GC-MS studies on the

conductivity, photoconductivity and catalytic activities above polymer is carried out and tentative mechanisms for

have prompted to synthesize various types of thermally its degradation are proposed. Evaluation of this material with

stable metal phthalocyanine polymé8s-21]. Among these respect to its stability and the nature of degradation prod-

studies, metal phthalocyanine polymers with repeating ucts is very essential for the high temperature applications

phthalocyanine units linked in the way, phenyl groups are such as semiconductors, photovoltaic materials, electrodes,

linked in biphenyl showed highest thermal stability with catalysts, dyes and pigments.

anaerobic char yield ranging from 90 to 93% at 8Q0in

nitrogen atmosphen®]. The knowledge of mode of degra-

dation of these polymers was found to be necessary for their2. Experimental

high temperature applications both in oxidizing and inert

atmospheres. 2.1. Materials and methods
Literature survey indicates that most of the mass spectral
studies done are on metal phthalocyanine derivafi/2s27] Pure metal phthalocyanine tetracarboxylic acid of copper

and, study on metal phthalocyanine polymers are found to bejs synthesized by the reaction of trimellitic anhydride, cop-
per sulphate pentahydrate, excess urea and catalyst. Then,
- this tetra functional monomer is polymerized by heating the
* Corresponding author. Tel.: +91 82 12515525; fax: +91 82 12421263. . . . .
E-mail addressbnachar@yahoo.com (B.N. Achar). monomer at 450C either in vacuum or in nitrogen atmo-

1 present address: 1307 Vista Grande, Millbrae, CA 94030, USA; NASA, Sphere for 1 h. The detailed procedure is given elsewhere
Ames Research Center, Moffett Field, CA, USA. [15,29]
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The chemical data system model 100 solid pyrolyzer at- 500 °C
tached to the inlet of the Hewlett-Packard model 5830A
chromatograph, coupled with a Hewlett-Packard model 5980
mass spectrometer is used for GC-MS analysis. A sample of
~1mg is inserted into a quartz tube, which is then placed
inside platinum foil of the pyroprobe. The pyroprobe is then
inserted into the pyrolysis chamber, which can be kept at the
desired temperature for a given period of time. The volatile
products are flushed with helium carrier gas to the GC separa-
tion column. The GC column used 2 m long and 2 mm inner
diameter glass column packed with 3% OVIO1 on 80/100
supercoport. During the analysis, the column temperature is
heated to 60—250C and then maintained at the upper limit
for 8 min. Helium gas flow rate is 20 ml/min. The mass spec-
trometer is equipped with a data acquisition system, provided
mass spectral data.
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Fig. 1. Structure of copper phthalocyanine sheet polymer.
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1000°C in nitrogen atmosphere and the char yield at 800

as this polymer. Because of its excellent thermal stability,

is 91%7[29]. The structure of copper phthalocyanine sheet degradation does not occur at low temperature. So, GC-MS

polymer is given inFig. 1 In fact, no phthalocyanine poly-

studies were carried out at high temperatures (500-1000

mer heretofore synthesized showed thermal stability as highEven at these high temperatures, the volatile products ob-
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Fig. 3. Mass spectral display of copper phthalocyanine sheet polymer at various retention times.
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Fig. 4. The tentative mechanism of fragmentation of copper phthalocyanine sheet polymer under high thermal conditions.
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Fig. 5. The tentative mechanism of modes of fragmentations of copper phthalocyanine sheet polymer inside the ionization chamber of the magarspectrom
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served are very low and so the spectral data are recorded atral display of the gas chromatographed pyrolysed products
maximum sensitivity. With the result, the problem encoun- in the programmed heating temperature range is presented
tered in differentiating the real/e peaks with the background  in Fig. 2 Mass spectra at the different retention times 0.4,
noise of the instrument has been eliminated by running the 1.5, 2.6 and 3.7 min are presentedFig. 3. Tentative mecha-
blank without the sample. nisms for the modes of fragmentations of copper phthalo-
Copper phthalocyanine sheet polymer was taken in a highcyanine sheet polymer based on the fragments with their
temperature inlet probe (DIP) attached to the solid pyrol- relative intensities above 10% are shownFigs. 4 and 5
yser and the sample is heated for 1 min at each of the fol- Peak corresponding to the repeat unit structuggigoNgCu*
lowing temperatures: 500, 800, 900 and 10G0 The py- (MW =571) is not observed. The highest peake=392
rolysed products are flushed to the gas chromatograph usingwith relative abundance 17% is observed at the retention
helium carrier gas with a flow rate of 20 ml/min. The spec- time 2.6 min, which may be due to the iorp4El11NzCu*
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