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Abstract

An extensive bibliography on the pyrolysis gas chromatography of synthetic polymers is presented. The analysis of
homopolymers, copolymers, of microstructure and end groups are included. References concerning pyrolytic alkylation and
reactive degradation are included as separate tabulations.  1998 Elsevier Science B.V. All rights reserved.
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The analysis of polymers has been of importance reported with acrylic resins [5] in 1958. Other early
for many decades. The analysis of many groups of applications of chemical degradation of polymers
materials were revolutionised by the introduction of included the acid hydrolysis of polyurethanes by
the instrumental chromatographic techniques, typical Schroder [6] in 1962, degradation of polyethers by
being in the biological area where with lipids several Nadeau and Williams [7] in 1963, acidic degradation
thousand publications appeared in a few years. The of polysiloxanes by Heylmum and Piloula [8] in
application of gas chromatography to polymers was 1964, and acidic hydrolysis of polyamides by Anton
restricted due to their high molecular mass and low [9] in 1968.
volatility. The molecular mass of some polymers was Prechromatographic reaction of polymers was
reduced and the volatility of the products increased given impetus by the work of Siggia and his many
by chemical degradation. In some cases, i.e. alkyd coworkers [10], who conducted the degradation
resins, the traditional methods of chemical cleavage reaction in a modified furnace pyrolyser attached to a
were followed [1] with subsequent. separation of the gas chromatograph where the volatile reaction prod-
reaction products by gas chromatography [2–4] ucts were determined. The work of Siggia has been
rather than by gravimetry. The Zeisel Reaction has extended by Haken and various coworkers [11] who
also been applied to polymers, the use of gas used the same reagent with reaction external to a gas
chromatography allowing separation of the individ- chromatograph in a micro reactor. It was possible to
ual alkyl halides. The Zeisel Reaction was first achieve complete analysis of all of the reaction

products either as liberated or as appropriate deriva-
1 tives after prior chemical reaction.Present address: P.O. Box 21, Gerringong 2534, New South
Wales, Australia. The major use of gas chromatography with poly-
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Table 1
Qualitative or fingerprint pyrolysis of polymer and copolymer systems

Material Reference

Acrylamide in emulsions [35]
Acrylic acid in emulsions [36]
Acrylic acid acrylic copolymers [37]
Acrylic fibres [38–40]
Acrylic lacquers (automotive paints) [41–56]
Alkyd and acrylic architectural paints [42,50,53,57–70]
Amino resins [71]
Aramids [72–74]
Aliphatic polyamides [75]
Aromatic polyamides [76]
Aryl-allicylic polyimides [77]
Chloromethyl substituted polystyrene [78]
Chemically modified polystyrene [79]
Chlorinated polystyrene [80]
Chlorinated polyvinyl chloride [81]
Chlorine containing polymers [82]
Coumarone indene resin [83,84]
Diol modified epoxy resin [85]
EPDM rubber [86–89]
Epoxy powder coatings [90]
Epoxy resin [91–120]
Epoxy urethane [121]
Fibre epoxy composites [103]
Fibre phenolic /epoxy composite [104]
Fibre polycarbonate composite [104]
Fibres various systematic characterisation [38]
Flame retardant finishes [122,123]
Fumaric acid in emulsion polymers [124]
Functionaly terminated polybutadiene [125]
Fluorine polymers [126,127]
Furfuraldehyde resin [128]
Furfuryl alcohol resin [129]
Hercosett 125 [130]
ion-exchange resins [131–137]
Itaconic acid in emulsion polymers [124]
Liquid crystal polyesters [138–140]
Ketone resins [141]
Methacrylic acid in emulsions [36]
Modacrylic fibres [38,39]
Nitrile rubber [89,142,143]
Nitrile rubber–polyvinyl chloride [89]
Nitrocellulose lacquers [144,145]
Nylon [40,146–153]
Petroleum resins [154]
Phenol formaldehyde [111,155–172]
Phenol formaldehyde–epoxy systems [173]
Phenol formaldehyde–urethane [174]
Phosphate esters of bisphenol A [175]
Pitch resins [176]
Polyacrylonitrile fibres [38]
Polyacrylonitrile–butadiene [177,178]
Polyacrylonitrile–styrene [179,180]
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Table 1. Continued

Material Reference

Polyacrylamide [181,182]
Poly(alkylene terephthalates) [183–186]
Polyalkyl acrylates [40,187] [188]
Polyamide fibres [40]
Polyalkyl methacrylates [40,187–191]
Polyaryl ether sulfones [192]
Polyacrylic acid [38,193–195]
Polyacrylonitrile [126,196,197]
Polyamides [198–200]
Polybutadiene [201–210]
Polybutadiene–polyisoprene [89]
Polybutene [211–213]
Polybutyl acrylate [214–216]
Polybutyl methacrylate [217]
Polycarbonates [151,218]
Polycarbonate siloxane copolymer [199]
Polychlorotrifluoro ethylene [219]
Polychloroprene [142,220,221]
Polyetherketone [222]
Polyester [221,223–226]
Polyester–melanine–acrylic-epoxy paints [227]
Polyesteramide fibres [228]
Poly(2,6-dimethyl-1,4-phenylene ether) [229]
Polyester–polyether elastomers [230]
Polyether(aromatic–aliphatic) [231]
Polyethylenechlorosulphonate [89]
Polyethyl acrylate [193,232,233]
Polyethylene [201,213,234–246]
Polyethylene–propylene [247–250]
Polyethylene terephthalate [251]
Poly 2-fluorostyrene [252]
Polyhydroxy methacrylates [253]
Polyisoprene [89,201,254–264]
Polyisobutylene [100,265–267]
Polyisobutylene–polyisoprene [89]
Polyimide [268]
Polyimide aromatic Polyether–polyketones [269]
Polymethyl acrylate [232,270,271]
Polymethyl methacrylate [151,163,172,232,272–277]
Polymethyl-2-cyanoacrylate [278]
Polymethylene [279,280]
Poly(3-methyl-1-alkenes) [153]
Poly-a-methyl styrene [151,281]
Polynaphthalene [282]
Polyoxymethylene [283]
Poly(phenyl-as-triazines) [284]
Polyphosphate esters of bisphenol A [174]
Polypropylene [238,285–292]
Polypropyl acrylate [214]
Polypyrrole [293]

(Continued on p. 173)
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Table 1. Continued

Material Reference

Polyquinone [294]
Polysiloxanes [142,295–297]
Polystyrene [126,163,252,298–310]
Polystyrene–butadiene [89,258,259,311]
Polystyrene–divinyl benzene [312,313]
Poly(styrenesulphides) [314]
Polysulphides [315–318]
Polyurethane [319–334]
Polyvinyl chloride [163,298,335–343]
Polyvinyl chloride–butyl acrylate [344]
Polyvinyl acetate [12,298,311]
Polyvinyl acetate–tetrafluoroethylene [345]
Polyvinyl alcohol [145,298]
Polyvinyl butyral [346]
Polyvinylidene chloride [298,347]
Polyvinylidene fluoride [209]
Polyvinyl chloride–polyvinylidene chloride [298]
Polyvinyl propionate [298]
Polyvinylsilanes [182]
Polyvinylpyrrolidone [348]
Resin modified paints [349]
Silicone alkyd [68]
Sodium polyacrylate [350]
Styrene copolymers [351]
Styrene copolymer sizing agents [352]
Styrene crosslinked polyesters [353]
Styrene crosslinked vinyl esters [353]
Styrene–maleic anhydride copolymer [354]
Tetrafluoroethylene–hexafluoropropylene [355–357]
Thermosetting acrylic polymers [358–360]
Various rubbers [361]
Vinylidene fluoride–perfluoromethyl vinyl ether [355]
Vinylpyrrolidone–vinylimidazolium chloride [362]

Table 2
Quantitative Analysis of Copolymer Systems

Copolymer Systems Reference

ABS–methyl styrene [363]
Acrylic acid–ethyl acrylate–ethyl methacrylate [364]
Acrylic resins–amino resins [71]
Adipates of ethylene oxide, butanediol, octanediol [365]
Butadiene–isoprene [366]
Butylene terephthalate–polycarbonates–SBR–acrylnitrile [367]
n-Butyl methacrylate–isobutyl methacrylate [368]
Chlorbutyl rubber–natural rubber [369]
Chlorbutyl rubber–styrene–butadiene [370]
Chlorinated polyethylene [370]
Elastomers [285,369,371]
Ethyl acrylate–styrene [372,373]
Ethylene–butene [237,247]
Ethylene–ethyl acrylate [374]
Ethylene–chlorotrifluoroethylene [127]
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Table 2. Continued

Copolymer Systems Reference

Ethylene–isobutylene [375,376]
Ethylene–methyl methacrylate [377,378]
Ethylene–methyl acrylate [377]
Ethylene–propylene [216,238,247,278,379,380]
Ethylene–butene–hexene–octene [237,247,381]
Ethylene–styrene [382]
Ethylene–vinyl acetate [383–386]
Ethylene–propylene–dicyclopentadiene [247]
Ethylene oxide–propylene oxide [265,266]
Ethylene oxide–trioxane [387]
2-Hydroxyethyl methacrylate–acrylate–methacrylate [358,388]
Terepolymers
2-Hydroxymethyl methacrylate–acrylate–methacrylate [358]
Terepolymers
2-Hydroxyethyl methacrylate–butyl acrylate–ethyl methacrylate
Crosslinked with melamine resin [389–391]
Isoprene–methyl methacrylate [392]
Isoprene–styrene [393,394]
lsopropene–vinylxylene [395]
Isopropene–vinyltoluene [395]
Kraton 1108 [394]
Melamine–crosslinked acrylics [389–391]
Methyl acrylate–acrylonitrile [396,397]
Methyl acrylate–methyl methacrylate [14,397–399]
Methyl methacrylate–methacrylic acid [14]
Methyl methacrylate–ethylene glycol dimethacrylate [14]
Methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, 2-ethylhexyl
Acrylate, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl and
2-ethylhexyl methacrylate copolymers [400–402]
Natural vulcanizates [210]
Polyimide (ethers) [403]
Poly( p-phenylene sulfide–sulfone) block copolymer [404]
Methyl methacrylate–acrylic acid [405]
Methyl methacrylate–diallyl phthalate [406]
Methyl methacrylate–ethyl acrylate [372,402,407–410]
Methyl methacrylate–ethyl acrylate–N-methylol acrylamide [408]
Methyl methacrylate–n-butyl acrylate [72,398,399]
Methyl methacrylate–n-propyl methacrylate [398,399]
Methyl methacrylate–n-ethyl methacrylate [14,398,399,411]
Methyl methacrylate–n-butyl methacrylate [398,399,412,413]
Methyl methacrylate–n-hexyl methacrylate [399,394]
Methyl methacrylate–isobonyl methacrylate [412]
Methyl methacrylate–isoprene [414]
Methyl methacrylate–n-pentyl methacrylate [399]
Methyl methacrylate–polyethylene terephthalate laminate [415]
Methyl methacrylate–acrylonitrile [416]
Methyl methacrylate–vinyl chloride [417]
Methyl methacrylate–vinylidene chloride [418]
Methyl methacrylate–ethyl acrylate–2-ethyihexyl methacrylate [419]
Methyl methacrylate–2-ethylhexyl acrylate–acrylic acid [412]

(Continued on p. 175)
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Table 2. Continued

Copolymer Systems Reference

Methyl methacrylate–styrene [216,317,411,417–423]
Methyl methacrylate–styrene–diallyl phthalate [424]
Methyl methacrylate–styrene–butadiene [425]
a-Methylstyrene–methyl acrylate [426]
a-Methylstyrene–methyl methacrylate [426–428]
a-Methylstyrene–styrene [427–429]
Mixture of Natural Rubber, Butadiene–Styrene and SBR Rubbers [430]
Multicomponent acrylic resin [407,412,431–435]
Nylon 66 [149,150]
Styrene–acrylamide [436]
Styrene–acrylonitrile [213,437–447]
Styrene–butadiene [213,441,448–451]
Styrene–butadiene–acrylonitrile [210,446,452,453]
Styrene–butadiene–natural rubber–ethylene–propylene [446,454]
Terepolymer
Styrene–butyl acrylate [215,455]
Styrene–butyl methacrylate [421]
Styrene copolymers–ABS–polycarbonate Blends [456]
Styrene–dimethylsiloxane block copolymers [457]
Styrene–divinyl benzene [113,232,458,459]
Styrene–ethyl acrylate–acrylic acid [460]
Styrene–2-fluorostyrene [252]
Styrene–glycidyl methacrylate [461]
Styrene–maleic anhydride copolymers [354,462]
Styrene–methacrylate terepolymer [463]
Styrene–methyl acrylate [464]
Stryrene–polyester [426]
Styrene–propylene [465]
Styrene–vinylcyclohexane [466]
Styrene–vinyl ester [353]
Styrene–N-vinylpyrridone [467]
SBR–polybutadiene [433,452,468]
Tetrafluoroethylene–ethylene [468]
Tetrafluoroethylene–hexafluoropropylene [127]
Tetrafluoroethylene-perfluoromethyl vinyl ether [127]
Tetrafluoroethylene–1,1,5-trihydroperfluoroamyl acrylate [469]
Phenol formaldehyde [470,471]
Vinyl acetate–vinyl chloride [472–475]
Vinyl acetate–n-butyl acrylate [215,476]
Vinyl acetate–butyl maleate [476]
Vinyl acetate–2-ethylhexyl acrylate [476]
Vinyl acetate–2-ethylhexyl maleate [476]
Vinyl acetate–vinyl trifluoroacetate [477]
Vinylidene chloride–methyl methacrylate [478]
Vinylidene fluoride–hexafluoropropylene [127]
Vinylidene fluoride–chlorotrifluoroethylene [127]
Vinylidene fluoride–tetrafluoroethylenehexafluoropropylene [127]
Vinylidene fluoride–tetrafluoroethyleneperfluoromethyl vinyl [127]
ether
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mers is in association with pyrolysis. The technique followed with the use of a filament device [13,14]
with polymers is well established, the first applica- little different to that which has subsequently found
tion being in 1954 [12] where the pyrolysis was extensive usage.
conducted separately, however in situ pyrolysis soon The early works used a large sample resulting in

Table 3
Microstructure of polymer and copolymer systems

Material Reference

Acetylenic polymers [479]
Hydrogenated acrylonitrile–butadiene [480]
Ethyl acrylate–butyl methacrylate copolymers [481]
Acrylonitrile–fluoroacrylate [482]
Acrylonitrile–1,3-pentadiene [483]
Poly(di-n-alkylsilylene) [484]
cis-1,4-Butadiene-isoprene [366,485]
Chlorinated polyethylene [370,486]
Chlorostyrene–acrylonitrile [487]
Chlorostyrene–styrene [488]
Deuterated styrene [489]
Ethyl acrylate–butyl methacrylate [481]
Ethylene–vinylcyclohexane [490]
Phenol–formaldehyde [491,492]
Polyaryl ether sulfones [192]
Poly(butadiene–acrylonitrile–methacrylic acid) [493]
Poly(di-n-alkylsilylene) [494]
Polyesteramides [228]
Polyacrylonitrile [495]
Polybutadiene [312,496–500]
Polyethylene [179,243,244,247,254,279]

[280,312,501–505]
Polyisobutylene [202,255,506,507]
Poly a-methyl styrene [152]
Poly-1,3-pentadiene [207]
Polypropylene [202,312,508–515]
Polyethylene–propylene copolymer [516–521]
Polyethylene–polypropylene–diene rubbers [169,522]
Polymethyl methacrylate [523]
Polystyrene [152,524–527]
Polystyrene–acrylonitrile [589]
Polystyrene–butadiene [206,489]
Polystyrene–butyl acrylate [415]
Polystyrene–divinyl benzene [528]
Polystyrene–ethyl acrylate–ethyl methacrylate [529]
Polystyrene–Glycidyl Methacrylate [460]
Polystyrene–heptyl acrylate [530]
Polystyrene–maleic anhydride copolymer [346]
Polystyrene–methyl acrylate [531]
Polystyrene–methyl methacrylate [532]
Polystyrene–methyl methacrylate–acrylonitrile [533]
Polytetrafluoroethylene–ethylene [468]
Polytetrafluoroethylene–ethylene-hexafluoropropylene [534]
Polyvinyl chloride [35,535]
Polyvinylidene chloride–vinyl chloride [349,536]
Chlorinated polyethylene [178]
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Table 4poor heat transfer and the production of non-re-
End group analysis of polymer and copolymer systemsproducible results. Early libraries of pyrolysis results
Material Referenceeither as pyrograms or bar charts are of limited value

as the reproducibility is poor and it is frequently Acetylene polymers [479]
difficult to determine which products result from the Polycarbonates [476]

Polymethyl methacrylate [532–538]initial pyrolysis reaction and which are due to
Polystyrene [539]subsequent recombination reactions. It has long been
Polystyrene macromonomers [540–546]

recognised that small samples, typically much less
than 1 mg, good heat transfer and rapid heating of
the pyrolysis element are essential in achieving

Table 5reproducibility. While capillary columns [15] and
Alkali and acid fusionmass spectrometric detection [16] had been used for
Polymer Referencedecades, the widespread use of enhanced separation

with capillary columns and mass spectrometric and Aramids [547]
Fourier Transform Infrared Detection have been Epoxy resins [548]

Liquid crystal polyesters [549]more recent.
Polyacrylamide [550]The terms used in pyrolysis have been described
Polyacrylonitrile [550][17], while IUPAC recommendations were published
Polyamides (nylons) [550,551]

in 1993, entitled Nomenclature and Terminology for Polyamides (dimer) [552–554]
Analytical Pyrolysis [18]. Pyrolysis gas chromatog- Polyamides–imides [555,556]

Polycarbonates [557]raphy has been the subject of several books and has
Polycarboranesiloxanes [558]been described in chapters in monographs [19–26]
Polyesters [559,560]and also in a greater number of reviews. The most
Polyesters (crosslinked with aminoplasts) [561,562]

recent being that of Wampler [27] which appeared in Polyhydrazides [563]
1989 covered the period 1980–1989 and included Polyimides [555]

Polymethacrylates [564]almost 500 references to the application of pyrolysis
Polysiloxanes [565,566]to many types of compounds, about 80 of the
Polysulphones [567]references relating to polymers.
Polvurethanes (esters) [568–571]

Data bases of references on pyrolysis gas chroma- Polyurethanes (ethers) [572–574]
tography have been reported by Smith [28] and by Polyvinyl esters [575]

Silicone polyesters [576–579]Tsuge and Ohtani [29] but being in book form,
Silicone polyesters (crosslinked with aminoplasts) [580]searching has been restricted considering the large
Vinyl esters [581]amounts of data involved. Wang [30] has reported a

computer based system which considers the mass
spectrum of the pyrolysis products and uses the

Table 6Hypertext Markup Language.
Pyrolysis and alkylation of polymer and copolymer systemsMatheson and her coworkers [31] have recently

reported that a computer library is being prepared for Material Reference

the identification of polymers. Such a library may be Alkyd resins [582,583]
of considerable value in exploitation of the tech- Cyanoacrylates [582]

Epoxy resins [582]nique.
Liquid crystal polyesters [584]The following tables shows some of the synthetic
Nylon [585]polymer systems that have been examined for vari-
Polyacrylamide [586]

ous characteristics by the chromatography and Polyamides [587]
pyrolysis based techniques. Table 1 shows quali- Polycarbonate [588,589]

Rosin adducts [590–592]tative or fingerprint analyses of polymer and co-
Urea formaldehyde resins [593]polymer systems, Table 2 shows quantitative of
Varnish (diterpenoid) [594]polymer and copolymer systems, Table 3 shows
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Table 5 Table 6 show polymer and copolymer [26] T.P. Wampler (Ed.), Applied Pyrolysis Handbook, Marcel

Dekker, New York, 1995.systems that have been examined using reaction
[27] T.P. Wampler, J. Anal. Appl. Pyrol. 16 (1989) 291.chromatography and by simultaneous pyrolysis
[28] C.G. Smith, J. Anal. Appl. Pyrol. 15 (1989) 209.

methylation respectively. Microstructure of Polymers [29] S. Tsuge, H. Ohtani. Pyrolysis Gas Chromatography of High
(Table 3) was reviewed in 1995 by Tsuge and Ohtani Polymers: Fundamentals and Data Compilation, Techno-

Systems, Tokyo, 1989, p. 371.[32] While the topics shown in Tables 5 and 6 was
[30] F.C.-Y. Wang, Anal. Chem. 69 (1997) 667A.reviewed by Haken in 1993 [33] and 1996 [34]
[31] M.J. Matheson, T.P. Wampler, L. Johnson, L. Atherly, L.respectively.

Smucker, Am. Lab. (Shelton, California) 29(11) (1997) 24c.
This compilation does not claim to be exhaustive, [32] T. Tsuge, H. Ohtani, in: T.P. Wampler (Ed.), Appl. Pyrolysis

but includes many references to the important poly- Handbook, Marcel Dekker, New York, 1995.
[33] J.K. Haken, in: P.R. Brown, E. Grushka (Eds.) Advances inmer systems.

Chromatography, vol. 33, Marcel Dekker, New York, 1993.
[34] J.K. Haken, J. Chromatogr. A756 (1996) 1.
[35] F.C.-Y. Wang, B. Gerhart, Anal. Chem. 68 (1996) 3021.
[36] F.C.-Y. Wang, B.B. Gerhart, C.G. Smith, Anal. Chem. 67References

(1995) 3681.
[37] J.L. Sharp, G. Paterson, Analyst 105 (1980) 517.

[1] C.P.A. Kappelmeier, Chemical Analysis of Resin Based [38] J. Almer, J. Can. Soc. Forensic Sci. 24 (1991) 51.
Coating Materials, Interscience, N.Y, 1959. [39] P. Perlstein, Anal. Chim. Acta 155 (1989) 173.

[2] G.G. Esposito, M.H. Swann, Anal. Chem. 33 (1961) 1854. [40] J.M. Challinor, P.A. Collins, J. Goulding, Adv. Foresic Sci.
[3] G.G. Esposito, M.H. Swann, Anal. Chem. 34 (1962) 1048. Proc 13th Meeting Inter. Assoc. Forensic Sci. 4 (1995) 250.
[4] G.G. Esposito, M.H. Swann, Anal. Chem. 34 (1962) 1173. [41] J.M. Challinor, Proceedings of the 13th Meeting Internation-
[5] J. Haslam, J.B. Hamilton, A.R. Jeffs, Analyst 83 (1958) 66. al Assoc of Forensic Science, Oxford, 1984.
[6] E. Schroder, Plaste Kautsch., 9 (121), 1962, 186. [42] J.W. Bates, T. Allinson, T.S. Bal, Forensic Sci. Int. 40 (1989)
[7] H.G. Nadeau, E.W. Williams, Anal. Chem. 36 (1964) 1345. 25.
[8] G.W. Heylmum, J.E. Piloula, J. Gas Chromatogr. 3 (1965) [43] B. B Wheals, W. Noble, J. Forensic Sci. Soc. 14 (1974) 23.

266. [44] W.D. Stewart Jr., J. Amer. Oil Chem. Soc. 59 (1976) 35.
[9] A. Anton, Anal. Chem. 40 (1968) 1116. [45] P.J. Cardosa, J. Forensic Sci. 27 (1982) 695.

[10] L.R. Whitlock, S. Siggia, Sep. Purif. Methods 3 (1974) 299. [46] D. Deaken, J. Forensic Sci. 20 (1975) 283.
[11] G.J. Glading, J.K. Haken, J. Chromatogr. 157 (1978) 404. [47] N.S. Cartwright, P.C. Rodgers, J. Can. Soc. Forensic Sci. 9
[12] W.H.T. Davison, S. Slaney, A.L. Wragg. Chem and Ind., (1976) 145.

London, 1954, p. 1356. [48] R.F.E. Percy, R.J. Audette, J. Forensic Sci. 25 (1980) 189.
[13] J. Strassburger, G.M. Brauer, A.F. Forziati, 36th Meeting. [49] R.J. Audette, R.F.E. Percy, J. Forensic Sci. 24 (1979) 790.

International association for dental research, J. Dental Res. [50] R.J. Audette, R.F.E. Percy, J. Forensic Sci. 27 (1982) 622.
37 (1958) 86. [51] R.B. Wheals, W. Noble, J. Forensic Sci. Soc. 14 (1974) 23.

[14] J. Strassburger, G.M. Brauer, M. Tryon, A.F. Forziati, Anal. [52] J.A. Gothard, J. Forensic Sci. 21 (1976) 636.
Chem. 32 (1960) 454. [53] T. Kimura, Rept. Natl. Res. Inst. Police Sci. (Tokyo) 17

[15] C.W. Stanley, W.R. Peterson, SPE Trans. 2 (1962) 1. (1964) 80.
[16] G.C. Wanless, J. Polym. Sci. 62 (1962) 263. [54] K. Fukuda, Forensic Sci. Int. 29 (1985) 227.
[17] I. Ericsson, R.P. Lattimer, J. Anal. Appl. Pyrol. 14 (1989) [55] T.P. Wampler, G.A. Bishea, W.J. Simonsick, J. Anal. Appl.

219. Pyrol. 40–41 (1997) 79.
[18] P.C. Uden, Pure Appl. Chem. 65(11) (1993) 2405. [56] D.G. McMinn, D.G. Carlson, T.O. Munson, J. Forensic Sci.
[19] M.P. Stevens. Characterization and Analysis of Polymers by 30 (1985) 1064.

Gas Chromatography, Marcel Dekker, New York, 1969. [57] P. Burke, C.J. Curry, L.M. Davies, D.R. Cousins, Forensic
[20] J.K. Haken, in: R.R. Myers, J.S. Long (Eds.), Treatise on Sci. Int. 28 (1985) 201.

Coatings, vol. 2, part 1, Marcel Dekker, New York, 1969. [58] B. Wheals, J. Anal. AppI. Pyrolysis, 2 (1980–1981) 277.
[21] J.K. Haken, The Gas Chromatography of Coating Materials, [59] S.G. Ryland, R.J. Kopec, J. Forensic Sci. 24 (1979) 143.

Marcel Dekker, New York, 1973. [60] N.C. Jain, C.R. Fontan, P.L. Kirk, J. Forensic Sci. Soc. 5
[22] V.G. Berezkin, V. RAlishoyev, I.B. Nemirovskaya, Gas (1965) 102.

Chromatography of Polymers Elsevier, Amsterdam, 1977. [61] J.M. Challinor, Forensic Sci. Int. 21 (1983) 269.
[23] C.E.R. Jones, C.A. Cramers (Eds.), Analytical Pyrolysis, [62] J.M. Challinor, Rept. Gov. Chem Lab. West. Aust., No. 29,

Elsevier, Amsterdam, 1977. 1984.



180 J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187

[63] J.C.A. Hu, Anal. Chem. 51 (1979) 2395. [97] H. Nakagawa, S. Wakatsuka, S. Tsuge, T. Koyama, Poly. J.
Japan 20 (1988) 9.[64] R.W. May, E.F. Pearson, J. Porter, M.D. Scothern, Analyst

(London) 98 (1973) 364. [98] H. Nakagawa, S. Wakatsuka, H. Ohtani, S. Tsuge, T.
Koyama, Polymer 33 (1992) 4556.[65] C. Fouweather, J. Porter, A.W. Scaphlehorn, Central Re-

search Establishment Report No 94. Aldermaston, England. [99] P. Bradna, J. Zima, J. Anal. Appl. Pyrol. 21 (1991) 207.
[66] R.W. May, J. Porter, J. Forensic Sci. 20 (1975) 137. [100] K. Torkos, J. Borossay, G. Nagy, J. Chromotogr. 364

(1986) 113.[67] J.D. Twibell, J.M. Home, K.W. Smalldon, Chromatographia
14 (1981) 366. [101] H. Nakagawa, S. Tsuge, T. Koyama, J. Anal. Appl. Pyrol.

12 (1987) 97.[68] J.D. Twibell, J.M. Home, K.W. Smalldon, Central Research
Establishment Report No 310. Aldermaston. England. 1979. [102] H. Ohtani, T. Kimura, K. Okamoto, S. Tsuge, Y. Nagataki,

K. Wiyata, J. Anal. Appl. Pyrol.. 12 (1987) 115.[69] N.C. Jain, C.R. Fontan, P.L. Kirk, Forensic Sci. Soc. 5
(1956) 102. [103] D. Noel, K.C. Cole, J.-J. Hechler, A. Chouliotis, K.C.

Overbury, J. Anal. Appl. Pyrol. 10 (1986) 13.[70] J.J. Grosvenor, K. Dalzell, Chem. Rep. 2141 (1991) 71.
[104] M. Ezrin, G. Lavigne, 55th Ann. Tech. Conf Soc. Plast.[71] A.M. Casanovas, X. Rovira, J. Anal. Appl. Pyrol. 11 (1987)

Eng. 2 (1997) 2305.227.
[105] T. Yamada, T. Okumoto, H. Ohtani, S. Tsuge, J. Anal.[72] D.A. Chatfleld, I.N. Einhorn, R.W. Mickelson, J.H. Futrell, J.

Appl. Pyrol. 33 (1995) 157.Poly. Sci. Poly. Chem. 19 (1979) 1367.
[106] P. Bradna, J. Zima, J. Anal. Appl. Pyrol. 24 (1992) 75.[73] Y.P. Khanna, E.M. Pearce, J.S. Smith, D.T. Burkitt, H.

Njuguna, D.M. Hindenlang, B.D. Forman, J. Poly. Sci. Poly. [107] H. Nakagawa, S. Wakatsuka, H. Ohtani, S. Tsuge, T.
Chem. 19 (1981) 2817. Koyama, Polymer 33 (1992) 4556.

[74] H.-R. Schulten, B. Plage, H. Ohtani, S. Tsuge, Angew. [108] P. Bradna, J. Zima, Proceedings of the 9th Conference
Makromol. Chem. 155 (1987) 1. ‘‘Macrotest’’ Pardubice, June 7–8, 1989, p. 26.

[75] H. Ohtani, T. Nagaya, Y. Sugimura, S. Tsuge, J. Anal. Appl. [109] H. Nakagawa, S. Wakatsuka, S. Tsuge, T. Koyama, Polym.
Pyrol. 4 (1982) 117. J. (Tokyo) 20 (1988) 9.

[76] H.-R. Schulten, B. Plage, H. Ohtani, S. Tsuge, Angew. [110] H. Nakagawa, T. Koyami, S. Tsuge, J. Anal. Appl. Pyrol.
Makromol. Chem. 155 (1987) 454. 12 (1987) 97.

[77] E. Jakab III, F. Till, T. Szekely, S.S.K. Kozhabekov, B.A. [111] E.C. Leisegang, A.M. Stephen, J.C. Paterson-Jones, J.
Zhubanov, J. Anal. Appl. Pyrol. 23 (1992) 229. Appl. Polym. Sci. 14 (1970) 1961.

[78] H. Nakagawa, S. Tsuge, S. Mohanraj, W.T. Ford, Macro- [112] J.C. Paterson-Jones, V.A. Percy, R.G.F. Giles, A.M.
molecules 21 (1988) 930. Stephen, J. Appl. Polym. Sci. 17 (1973) 1877.

[79] A. Venema, J.T. Sukkel, J. High Res. Chromotogr. [113] O. Mlejnek, V. Vorobjov, J. Chromatogr. 79 (1973) 91.
Chromotogr. Comm. 8 (1985) 510. [114] J.M. Stuart, D.A. Smith, J. Appl. Polym. Sci. 9 (1965)

[80] S. Tsuge, H. Ito, T. Takeuchi, Macromolecules 2 (1969) 277. 3195.
[81] S. Tsuge, T. Okumoto, T. Takeuchi, Bull. Chem. Soc. Japan [115] D.P. Bishop, D.A. Smith, J. Appl. Polym. Sci. 14 (1970)

43 (1970) 3341. 205.
[82] J.M. Moquire, C.G. Bryden, J. Appl. Polymer Sci. 35 (1988) [116] N. Iglauer, F.F.D. Bentley, J. Chromatogr. Sci. 12 (1974)

537. 23.
[83] F. Sontagg, Brennst. Chem. 47 (1966) 264. [117] C. Merritt Jnr, R.E. Sacher, B.A. Petersen, J. Chromatogr.

99 (1974) 301.[84] B.G. Luke, J. Chromatogr. Sci. 11 (1973) 435.
[118] A.N. Freedman, J. Chromatogr. 157 (1978) 85.[85] M. Blazso, Polymer 32 (1991) 590.
[119] J.G. Moncur, T.E. Sharp, E.R. Byrd, J. High Resolution[86] T. Yamada, T. Okumodo, H. Ohtani, S. Tsuge, Nippon Gomu

Chromatogr. Comm. 4 (1981) 6.Kyokaishi 66 (1993) 530.
[120] W. Maurer, M. Meeder, E. Hohaus, Farbe Lacke 102(11)[87] T. Yamada, T. Okumoto, H. Ohtani, S. Tsuge, Rubber Chem.

(1996) 12188.Technol. 64 (1991) 708.
[88] D.S. Huh, J.S. Kim, K.J. Kim, B.X. Anh, S.K. Suh, Komi [121] Xu. Zhengyan, Li. Ming, Sepu 5 (1987) 247.

Hakhoechi. 22 (1987) 314. [122] J.F. Cope, Anal. Chem. 45 (1973) 562.
[89] G. Di Pasquale, T.C. Pacciola, J. Chromatogr. 279 (1983) [123] E.I. Konstantinova, Polym. Sci. USSR 26 (1984) 341.

156. [124] F.C.-Y. Wang, J. Green, B. Gerhart, Anal. Chem. 68 (1996)
[90] K. Peltonen, J. Anal. Appl. Pyrol. 10 (1986) 51. 2477.
[91] D.P. Bishop, D.A. Smith, Ind. Eng. Chem. 58(8) (1967) 32. [125] M.R. Rao, T.S. Radhakrishnan, J. Appl. Polym. Sci. 41
[92] L.H. Lee, J. Polym. Sci. A3 (1965) 859. (1990) 2251.
[93] L.H. Lee, J. Appl. Polym. Sci. 9 (1965) 1981. [126] R.S. Lehrle, J.C. Robb, J. Gas Chromatogr. 5 (1967) 89.
[94] I. Tanikawa, M. Maniwa, H. Hotto, S. Kobayashi, J. Jap. [127] L. Jiang, J. Wu, S. Xue, J. Anal. Appl. Pyrol. 10 (1986) 99.

Soc. Col. Mat. 32 (1969) 349. [128] R. Sanchez, C. Hernandez, G. Jalovszky, G. Czira, Eur.
[95] U. Fuchsluger, H.-J. Grether, M. Grasserbaurer, Fresenius J. Polym. J. 30 (1994) 37.

Anal. Chem. 349 (1994) 283. [129] H.J. O’Neill, J. Putscher, R.E. Dynako, C.I. Boquist, J. Gas
[96] C.N. Cascaval, D. Rosu, Rev. Roum. Chim. 36 (1991) 1331. Chromatogr. 1 (1963) 28.



J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187 181

[130] E.T. Cutler, P. Magidman, W.N. Marmer, Text. Chem. [166] H. Mosiman, W. Weber, Schweiser Arch. Angew. Wiss.
Color 25 (1993) 27. Tech. 36 (1979) 402.

[131] J.R. Parrish, Anal. Chem. 45 (1973) 1659. [167] I. Tanakawa, M. Maniwa, H. Hotta, S. Kobayashi, J. Jap.
[132] J.R. Parrish, Anal. Chem. 47 (1975) 1999. Soc. Col. Mat. 42 (1969) 349.
[133] E. Blasius, H. Hausler, Z. Anal. Chem. 277 (1974) 9. [168] D. Braun, J. Arndt, Kunstoffe 62 (1972) 41.
[134] E. Blasius, H. Lohde, H. Hausler, Z. Anal. Chem. 264 [169] T. Saito, T. Takashina, S. Higashi, S. Yanagisawa, T.

(1973) 290. Shirari, Bunseki Kagaku 33 (1984) 276.
[135] E. Blasius, H. Lohde, Z. Anal. Chem. 276 (1975) 11. [170] T. Saito, Anal. Chem. Acta 276 (1993) 295.
[136] C.N. Cascaval, G. Mocanu, A. Carpov, J. Thermal Anal. 28 [171] K.S. Annakutty, K. Kishore, Makromol. Chem. 192 (1991)

(1983) 32. 11.
[137] B.-G. Brodda, S. Dix, J. Fachinger, Sep. Sci. Tech. 28 [172] M. Blazso, T. Toth, J. Anal. Appl. Pyrol. 10 (1986) 41.

(1993) 653.
[173] J.B. Maynard, J.E. Twichell, J.W. Walker, J. Chromatogr.

[138] J.K. Haken, P. Iddamalgoda, J. Appl. Polym. Sci. 52 (1993)
Sci. 17 (1979) 82.

225.
[174] K.S. Annakutty, K. Kishore, Makromol. Chem. Makromol.

[139] B. Crossland, G.K. Knight, W.W. Wright, Br. Polym. J. 18
Chem. Physics. 192 (1991) 11.(1986) 371.

[175] C.A. Lytle, W. Bertsch, M. McKinley, Pittsburgh Confer-[140] K. Sueoka, M. Nagata, H. Ohtani, N. Nagai, S. Tsuge, J.
ence, February 1998, Paper 1, p. 1849.Polym. Sci. A29 (1991) 1903.

[176] C. Karr, J.R. Camberlati, P.A. Estep, Fuel 42 (1963) 211.[141] H. Mestdagh, C. Rolando, M. Sablier, J.-P. Rioux, Anal.
[177] K.V. Alexeeva, L.S. Solomatina, J. Chromatogr. 364 (1986)Chem. 64 (1992) 2221.

105.[142] J.C.A. Hu, Anal. Chem. 53 (1981) 311A.
[178] H. Nakagawa, S. Tsuge, K. Murakimi, J. Anal. Appl. Pyrol.[143] J.C.A. Hu, Anal. Chem. 49 (1977) 537.

10 (1986) 357.[144] B. Wheals, in: C.E.R. Jones, C.A. Cramers, (Eds.),
[179] B. Kolb, G. Kemmer, E.W. Campbell, E.W. Cieplinski, L.S.Analytoical Pyrolysis, Elsevier, Amsterdam, 1977.

Ettre, Z. Anal. Chem. 209 (1965) 302.[145] K. Ettre, P.F. Varida, Anal. Chem. 35 (1963) 69.
[180] D. Braun, R. Disselhoff, Angew. Makromol. Chem. 23[146] H. Ohtani, T. Nagaya, Y. Sugimura, S. Tsuge, J. Anal. Appl.

(1972) 103.Pyrol. 4 (1982) 117.
[181] F.C.-Y. Wang, J. Chromatogr. A753 (1996) 101.[147] S. Tsuge, Chromatogr. Forum 1 (1986) 1.
[182] V.G. Zaikin, V.G. Filippova, O.B. Semenov, Org. Mass[148] S. Tsuge, H. Ohtani, H. Matsubara, M. Ohsawa, J. Anal.

Spectrom. 26 (1991) 751.Appl. Pyrol. 17 (1987) 181.
[183] Y. Sugimura, S. Tsuge, J. Chromatogr. Sci. 17 (1979) 269.[149] H. Seno, S. Tsuge, T. Takeuchi, J. Chromatogr. Sci. 9
[184] H. Ohtani, T. Kimura, S. Tsuge, Anal. Sci. 2 (1986) 179.(1971) 315.
[185] M.E. Bednas, M. Day, K. Ho, R. Sander, D.M. Wiles, J.[150] F.B. Burns, C.L. Renschler, J. Appl. Polym. Sci. 29 (1984)

Appl. Polym. Sci. 26 (1981) 277.1133.
[186] C.T. Vijayakumar, J.K. Fink, Thermochim. Acta 59 (1982)[151] G. Stoev, T. Denchev, J. Chromatogr. 454 (1988) 367.

51.[152] M. Tanaka, T. Shimono, Y. Yabuki, T. Shono, J. Anal. Appl.
[187] K.H. Duebler, E. Hagen, Plaste Kautsch. 16 (1969) 169.Pyrol.. 2 (1980) 207.
[188] J.K. Haken, L. Tan, J. Polym. Sci., Poly. Chem. 26 (1988)[153] T. Shomono, M. Tanaka, T. Shono, J. Anal. Appl. Pyrol. 1

1315.(1979) 1.
[189] G.G. Esposito, M.H. Swann, J. Gas Chromatogr. 3 (1965)[154] T.A. Ermilova, Lakokras. Mat. 3 (1988) 52.

282.[155] J. Martinez, G. Guiochon, J. Gas Chromatogr. 5 (1967)
146. [190] J.E. Guillet, W.C. Wooten, R.L. Combs, J. Appl. Polym. Sci.

[156] Bodensee, Perkin Elmer Co. G.M.B.H, Bull G C 202. 3 (1960) 61.
[157] G.E. Fisher, J.C. Neerman, IEC Prod. Res. Dev. 5 (1966) [191] J. Kempe, V. Zimmmermann, Schmeirungstechnik 14

288. (1983) 209.
[158] C. Landault, G. Guiochon, Anal. Chem. 39 (1967) 713. [192] J. Yipping, W. Zhonggang, C. Tainlu, Fenxi Huaxue 22
[159] V.T. Brooks, Chem. Ind. (London) (1960) 1090. (1994) 819.
[160] W. Sassenberger, K. Wrabetz, Fresinius’ Z. Anal. Chem. [193] A. Frank, K. Wunscher, Chem.-Ztg. Chem. Appl. 91 (1967)

184 (1961) 423. 7.
[161] J. Zulaica, G. Guiochon, J. Polym. Sci. Polym. Let. B 4 [194] S.S. Cutie, W.C. Buzanowski, J.A. Berdasco, J. Chroma-

(1966) 567. togr. 513 (1990) 93.
[162] W.M. Jackson, R.T. Conley, J. Appl. Polym. Sci. 8 (1964) [195] A. Frank, K. Wunscher, Chem. -Ztg. Chem. Appl. 91

2163. (1967) 7.
[163] E. Hagen, Plaste Kautsch. 15 (1968) 711. [196] G. Garzo, F. Till, Talantia 10 (1963) 583.
[164] D.H. Ahlstrom, S.A. Liebman, K.B. Abbas, J. Polym. Sci. [197] C.N. Cascaval, I.A. Schneider, Rev. Rom. Chem. 17 (1972)

Chem. Ed. 14 (1976) 2479. 835.
[165] M. Tsuge, T. Tanuka, S. Tanaka, Jap. Analyst 18 (1969) [198] H. Ohtani, T. Magaya, Y. Sugimura, S. Tsuge, J. Anal.

47. Appl. Pyrol. 4 (1982) 117.



182 J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187

[199] H.-R. Schulten, B. Plage, H. Ohtani, S. Tsuge, Angew. [236] N. MacLeod, Chromatographia 5 (1972) 516.
Makromol. Chem. 155 (1987) 1. [237] E.W. Neuman, H.G. Nadeau, Anal. Chem. 35 (1963) 1454.

[200] E.E. Sotnikov, Z.K. Torosyan, Zh. Anal. Chem. 40 (1985) [238] D. Duer-Siftar, J Gas Chromatogr. 5 (1967) 72.
1887. [239] Y. Sugimura, S. Tsuge, Macromolecules 12 (1979) 512.

[201] J. Zulaica, G. Guiochon, Bull. Soc. Chim. Fr. (1966) 1351. [240] M. Seeger, E.M. Barrall III, J. Polym. Sci. Chem. 13 (1975)
[202] T. Shono, K. Shinra, Anal. Chem. Acta 56 (1971) 303. 1515.
[203] Y. Sugimura, T. Nagaya, S. Tsuge, T. Murata, T. Takeda, [241] D.H. Ahlstrom, S.A. Liebman, J. Poly. Sci. Chem. 14

Macromolecules 13 (1980) 928. (1976) 2478.
[204] S.G. Perry, J. Gas Chromatogr. 5 (1967) 77. [242] O. Mlejnek, J. Chromatogr. 191 (1980) 181.
[205] S. Tamura, J.K. Gilham, J. Appl. Polym. Sci. 22 (1978) [243] H. Ohtani, S. Tsuge, T. Usami, Macromolecules 17 (1984)

1867. 2557.
[206] D. Braun, E. Canji, Angew. Makromol. Chem. 29–30 [244] S.A. Liebman, D.H. Alstrom, W.H. Starnes Jr., F.C. Schil-

(1973) 491. ling, J. Macromol. Sci. Chem. A17 (1982) 935.
[207] A. Petit, J. Neel, C.R. Acad. Sci. Ser. 2 299 (1988) 795. [245] T.P. Wampler, E.J. Levy, Analyst 111 (1986) 1065.
[208] E.P. Duncan, Am. Lab. (Fairfield) 20(8) (1988) 40. [246] T. Abo, T. Watababe, Kogyo Kagaka Zasshi 74 (1971) 885.
[209] J. Yang, Z. Hu, Fenxi Huaxue 12 (1984) 161. [247] J. Van Schooten, K. Evenhuis, Polymer 6 (1965) 561.
[210] D.S. Huh, J.S. Kim, K.J. Kim, B.K. Anh, S.K. Sun, O.K. [248] M. Seeger, H.-J. Cantow, S. Marti, Z. Anal. Chem. 276

Han, Komi Hakhoechi 27 (1987) 11. (1975) 267.
[211] W.H.T. Davison, S. Slaney, A.L. Wragg, Chem Ind. (Lon- [249] L. Michajlov, H.-J. Cantow, P. Zugenmaier, Polymer 2

don), (1954) 1356. (1971) 170.
[212] E.M. Barrall, R.S. Porter, J.F. Johnson, J. Chromatogr. 11 [250] H. Seno, S. Tsuge, T. Takeuchi, Makromol. Chem. 161

(1963) 177. (1972) 195.
[213] J. Voight, Kunstoffe 54 (1964) 2. [251] Y. Sugimura, S. Tsuge, J. Chromatogr. Sci. 17 (1979) 269.
[214] J.K. Haken, L. Tan, J. Polym. Sci. Polym. Chem. 25 (1987) [252] N. Oguri, A. Onishi, S. Uchino, K. Hashimoto, X. Jin. Jap.

1451. Mass Spectrometry Technical Report, 1994.
[215] Y. Gao, Paint Coatings Ind. 5 (1993) 44. [253] S.K. Yasuda, J. Chromatogr. 51 (1970) 261.
[216] F.C.-Y. Wang, J. Chromatogr. A786 (1997) 107. [254] Y. Sugimura, S. Tsuge, Macromolecules 12 (1979) 512.
[217] F.A. Lehmann, G.M. Brauer, Anal. Chem. 33 (1961) 673. [255] M.J. Hackathorn, M.J. Brock, Polym. Lett. 8 (1970) 617.
[218] D.L. Evans, J.L. Weaver, A.K. Mukherji, Ch.L. Beatty, [256] M.J. Hackathorn, M.J. Brock, Rubber Chem. Technol. 45

Anal. Chem. 50 (1978) 857. (1972) 1295.
[219] J. Lonfei, W. Jingling, X. Shuman, J. Anal. Appl. Pyrol. 10 [257] M. Galin, J. Macromol. Sci. Chem. A7 (1973) 873.

(1986) 99. [258] Y.-K. Lee, M.G. Kim, K.-J. Whang, J. Anal. Appl. Pyrol. 16
[220] S.K. Yasuda, J. Chromatogr. 27 (1967) 72. (1988) 49.
[221] J. Wu, G. Wang, Hecheng Xiangjiao Gongye 15 (1992) 48. [259] T. Saito, J. Anal. Appl. Pyrol. 15 (1989) 227.
[222] H. Wei, C. Tianlum, W. Shunzhong, Y. Yagui, L. Xinye, [260] X. Jin, H. Li, J. Anal. Appl. Pyrol. 3 (1981) 49.

Sepu 5 (1987) 283. [261] H.M. Cole, D.L. Peterson, V.A. Sljak, D.S. Smith, Rubber
[223] M. Nishe, F. Okai, Jap. Kokai Tokkyo Koho IP 05,322,865, Chem. Tech. 39 (1966) 260.

1991. [262] J. Xigao, L. Huiming, J. Anal. Appl. Pyrol. 3 (1981) 49.
[224] N. Ogura, A. Onishi, S. Uchino, K. Nakahashi, X. Jin, [263] K.-G. Hausler, E. Schroder, B. Huster, J. Anal. Appl. Pyrol.

Anal. Sci. 8 (1992) 57. 2 (1980) 123.
[225] H. Ohtani, T. Kimura, S. Tsuge, Anal. Sci. 2 (1986) 179. [264] F. Cataldo, J. Anal. Appl. Pyrol. 44 (1998) 121.
[226] Y. Sugimura, S. Tsuge, J. Chromatogr. Sci. 17 (1979) 269. [265] Y. Tsuchiya, K. Sumi, J Polym. Sci. A7 (1969) 813.
[227] H. Wilcken, H.-R. Schulten, Fresenius Z. Anal. Chem. 355 [266] R.N. Mokeyeva, Ya.A. Tsarfin, Plassy. Massy. No 3 (1970)

(1996) 157. 52.
[228] J. Zhang, W. Sui, Huaxue Shijie 30 (1989) 311. [267] M.R. Grimbley, R.S. Lehrle, R.J. Williams, D.M. Bate,
[229] T. Usami, F. Keitoku, H. Ohtabi, S. Tsuge, Polymers 33 Polym. Degr. Stab. 48 (1995) 143.

(1992) 3024. [268] M. Ding, Z. Xu, J. Zhang, H. Meng, Yingyong Huaxue 11
[230] Z. Roslaniac, H. Wojcikiexicz, Polimery (Wartsaw) 31 (1994) 107.

(1988) 193. [269] Y. Ji, W. Liu, Fenxi Huaxue 20 (1992) 28.
[231] G. Montaudom, C. Puglisi, E. Scamporrino, D. Vitalini, [270] J.K. Haken, D.K.M. Ho, E. Houghton, J. Polym. Sci.

Macromolecules 19 (1986) 882. Polym. Chem. 12 (1974) 1163.
[232] E.A. Radell, H.C. Strutz, Anal. Chem. 31 (1959) 1890. [271] R.P. Lattimer, J.B. Pausch, H.L.C. Meuxelaar, Anal. Proc.
[233] D. Noffz, W. Pfab, Fresenius’ Z. Anal. Chem. 228 (1967) (London) 20 (1983) 574.

188. [272] A. Barlow, R.S. Lehrle, J.C. Robb, D. Sutherland, Polymer
[234] F.W. Willmott, J. Chromatogr. Sci. 7 (1969) 101. 8 (1967) 523.
[235] V.G. Berezkin, I.B. Nemirovskaya, B.M. Kovarskaya, [273] G. Bagby, R.S. Lehrle, J.C. Robb, Polymer 9 (1968) 284.

Zavod. Lab. 35 (1966) 931. [274] F. Sontag, Fette Seifen Anstrichm. 70 (1968) 417.



J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187 183

[275] V. Pacakova, R. Dieckman, P.A. Lecleroq, K. Hoch, Col- [310] S. Yamaguchi, J. Hirano, I. Yoshihoro, Bunseki Kagaku 35
(1986) 111.lect. Czech. Chem. Comm. 54 (1989) 934.

[311] J. Wang, P. Yueqin, F. Yuting, W. Yunging, Huaxue Shijie 26[276] G. Buckhorn, I. Luederwald, K.E. Mueller, H.G. Willert, Z.
(1985) 177.Anal. Chem. 312 (1982) 539.

[312] J. Van Schooten, J.K. Evanhuis, Polymer 6 (1965) 343.[277] T. Nonobe, S. Tsuge, H. Ohtani, T. Kitayama, K. Hatada,
[313] H. Nakagawa, S. Tsuge, Macromolecules 18 (1985) 2068.Macromolecules 30 (1997) 4891.
[314] G. Montaudo, C. Puglisi, M. Blazso, K. Kishore, K.[278] G.E. Fisher, J.C. Neerman, IEC Prod. Res. Dev. 4 (1966)

Ganesh, J. Anal. Appl. Pyrol. 29 (1994) 207.288.
[315] T.S. Radhakrishnan, M.R. Rao, J. Anal. Appl. Pyrol. 9[279] S. Liebman. Fifth International Symposium on Analytical

(1986) 309.Pyrolysis, Vail. Col., Sept. 1982.
[316] T.S. Radhakrishnan, M.R. Rao, J. Appl. Polym. Sci. 34[280] D. Deur-Siftar, J. Gas Chromatogr. 5 (1967) 72.

(1987) 47.[281] P. Fuchs, C. Szepesy, Chromatographia 1 (1968) 310.
[317] T.S. Radhakrishnan, M.R. Rao, J. Appl. Polym. Sci. 34

[282] Z. Xu, L. Zhang, Sepu 10 (1992) 293.
(1987) 1985.

[283] W. Zhang, W. Wu, Sepu 9 (1991) 130.
[318] M. Gazicki, A.M. Wrobel, M. Kryszewski, J. Appl. Polym.

[284] Z. Jiang, Y. Luo, X. Jin, F. Lu, J. Anal. Appl. Pyrol. 26 Symposium 38 (1984) 1.
(1993) 145. [319] N. Yoshitake, M. Furukava, Ariake Kogyo Koto Senmon

[285] B. Groton, Anal. Chem. 36 (1964) 1206. Gakko Kiyo 27 (1991) 173.
[286] M. Seeger, H.-J. Cantow, Macromol. Chem. 176 (1975) [320] F.D. Hileman, K.J. Voorhees, L.H. Wojcik, M.M. Birky,

2059. F.W. Ryan, N. Einhorn, J. Polym.. Sci. Polym. Chem. Ed.
[287] S. Tsuge, Y. Sugimura, T. Nagaya, J. Anal. Appl. Pyrol. 1 13 (1975) 571.

(1980) 221. [321] D.A. Chatfleld, F.D. Hileman, K.J. Voorhees, I.N. Einhorn,
[288] H. Senoo, S. Tsuge, T. Takeuchi, Makromol. Chem. 16 J.H. Futrell in: E. Brame (Ed.), Applications of Polymer

(1972) 185. Spectroscopy, Acedemic Press Inc., 1978.
[289] Y. Sugimura, T. Nagaya, S. Tsuge, T. Murata, T. Takeda, [322] N. Yoshitake, W. Fumkawa, M. Mauro, T. Hatagawa,

Macromolecules 13 (1980) 928. Aeiake Kogyo Koto Senmon Gakko Kiyoi 24 (1988) 14.
[290] A.V. Bratchikov, B.A. Berendeev, Plast. Massy, No. 2 [323] M. Furukawa, N. Yoshitake, T. Yokoyama, J. Chromatogr.

(1985) 54. 435 (1988) 219.
[291] G. Audisio, A. Silvani, J. Anal. Appl. Pyrol. 8 (1985) 87. [324] K. Tsuge, K. Hasimoto, T. Matsuo, J. Soc. Rubber Ind.
[292] G. Audisio, A. Silvana, P.L. Beltrame, P. Carniti, J. Anal. Japan. 14 (1970) 35.

Appl. Pyrol. 7 (1984) 83. [325] N.A. Mumford, D.A. Chatfield, I.N. Einhorn, Fire Res. 1
[293] T. Kojima, H. Takaku, Y. Urata, K. Gotoh, J. Appl. Polym. (1977/1978) 107.

Sci. 48 (1993) 1395. [326] T. Takeuchi, S. Tsuge, T. Okumoto, J. Gas Chromatogr. 6
[294] M. Blazso, E. Jakab, T. Szekely, B. Plage, H.R. Schulten, J. (1968) 542.

Polym. Sci. Polym. Chem. A. 27 (1989) 1027. [327] R. Gnauck, Plaste Kautgch. 10 (1975) 795.
[295] S. Fujimoto, H. Ohtani, S. Tsuge, Fresenius’ Z. Anal. [328] G.G. Esposito, M.H. Swann, J. Gas Chromatogr. 3 (1965)

Chem. 331 (1988) 342. 282.
[296] P. Kusz, P. Szewczyk, P. Krol, C. Latocha, Kautsch Gummi. [329] D.T. Burns, E.W. Johnson, R.F. Mills, J. Chromatogr. 105

Kunstof 4 (1988) 48. (1975) 43.
[297] S. Fujimoto, H. Ohtani, K. Yamagiwa, S. Tsuge, J. High [330] K.J. Voorhees, F.D. Hileman, I.N. Einhorn, J.H. Futrell, J.

Res. Chromatogr. 13 (1990) 397. Polym. Sci. Polym. Chem. Edit. 16 (1978) 213.
[298] D. Noffz, W. Benz, W. Pfab, Fresesenius Z. Anal. Chem. [331] F. Gaboriaud, J.P. Vantelon, J. Polym. Sci Polym. Chem

235 (1968) 121. Edit. 19 (1981) 139.
[299] G. Garzo, F. Till, Talanta 10 (1963) 583. [332] N. Yositake, M. Furukawa, M. Maruo, T. Hatagawa, Ariake
[300] N. Yoshitake, K. Adachi, S. Matsuyama, Nippon Gomu Kogyo Koto Senmon Gakka. Kiyo 23 (1987) 136.

Kyokaishi 63 (1996) 217. [333] J.K. Haken, M. Milligen, J. Chromatogr. 283 (1984) 371.
[301] F.A. Lehmann, G.M. Brauer, Anal. Chem. 33 (1961) 673. [334] E. Soltys, Polimery (Warsaw) 118 (1991) 338.
[302] F. Spagnolo, Anal. Chem. 6 (1968) 609. [335] X. Yang, Sepu 10 (1992) 220.
[303] S. Tsuge, T. Okumoto, T. Takeuchi, J. Chromatogr. Sci. 7 [336] W.G. Geddes, Eur. Polym. J. 3 (1967) 267.

(1969) 250. [337] Y. Tsuchiya, K. Sumi, J. Appl. Chem. 17 (1967) 364.
[304] F. Sontag, Fette Seifen Anstrchm. 70 (1968) 417. [338] K.J. Voorhes, F.D. Hileman, I.N. Einhorn, J.H. Futrell, J.
[305] C.E.R. Jones, A.F. Moyles, Nature 191 (1961) 663. Polym. Sci. 16 (1978) 213.
[306] H. Ohtani, C. Yang, S. Tsuge, B. Plage, H.R. Schulten, Eur. [339] E.A. Bollner, G. Ball, B. Weiss, J. Appl. Polym. Sci. 13

Polym. J. 26 (1990) 893. (1969) 377.
[307] S.-T. Lai, D.C. Locke, J. Chromatogr. 255 (1983) 511. [340] C.N. Cascaval, I.A. Schneider, Rev. Roum. Chem. 17
[308] L. Dean, S. Groves, R. Hancox, G. Lamb, R.S. Lehrle, (1972) 835.

Polym. Degr. Stab. 25 (1989) 143. [341] R.P. Lattimer, W.J. Kroenke, J. Appl. Polym. Sci. 25 (1980)
[309] H. Kambe, Y. Shibasaki, Kobunski Kagaku 21 (1964) 65. 101.



184 J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187

[342] E.R. Williams, T.O. Munson, J. Forensic Sci. 33 (1988) [376] G. Hazkota, E. Hagen, Muanyang Gumi 7 (1970) 210.
1163. [377] K.J. Bombauch, C.E. Cook, B.H. Clampitt, Anal. Chem. 35

[343] A. Alajbeg, J. Anal. Appl. Pyrol. 12 (1987) 275. (1963) 1834.
[344] C. Belinski, Rec. Aerosp. 103 (1964) 27. [378] F. Armitage, J. Chromatogr. Sci. 9 (1971) 245.
[345] N.E. Shadrina, V.F. Favlova, Badyrov B.Kh, M.K. Asamov, [379] M. Dimbat, F.T. Eggertsen, Microchem. 9 (1965) 500.

N.K. Podlessaya, Vysokomol. Ser. A30 (1988) 2618. [380] A.V. Bractchikov, B.A. Berendeev, A.G. Rodionov, Vys-
[346] D.E. Hileman, H. Wells, J. Oil Colour Chem. 52 (1969) okomol. Soedin Ser. A. 27 (1985) 1107.

727. [381] M.A. Haney, D.W. Johnson, B.H. Clampitt, Macromole-
[347] S. Tsuge, T. Okumoto, T. Takeuchi, Makromol. Chem. 123 cules 16 (1983) 1775.

(1969) 123. [382] K. Jobst, L. Wuckel, Plaste Kautsch. 12 (1965) 150.
[348] I. Ericsson, L. Ljunggen, J. Anal. Appl. Pyrol. 17 (1990) [383] W. Jingjia, L. Zhaolin, X. Dunyuan, F. Yuanzong, Sepu 4

251. (1986) 249.
[349] H. Wilcken, H.-R. Schulten, Fresenius J. Anal. Chem. 355 [384] E. Verdu, J. Devesa, F. Maldonado, N. Porta, Rev. Plast.

(1996) 157. Mod. 56 (1988) 893.
[350] W.C. Buzanowski, S.S. Cutie, R. Papenfuss, C.G. Smith, J. [385] R. Yoshida, Y. Watanabe, Bunseki Kagaku 36 (1987) 352.

Chromatogr. A677 (1994) 355. [386] D.H. Ahlstrom, S.A. Liebman, K.B. Abbas, J. Polym. Sci.
[351] L. Dean, S. Groves, R. Hancox, G. Lamb, R.S. Lehrle, Polym. Chem. 14 (1976) 2479.

Polym. Degr. Stab. 25 (1989) 143. [387] K.H. Burg, E. Fischer, K. Wissermel, Makromol. Chem.
[352] Y. Ishida, H. Ohtani, S. Tsuge, T. Yano, Anal. Chem. 66 103 (1967) 268.

(1994) 186. [388] S. Yamaguchi, J. Hirano, Y. Isoda, Bunseka Kagaku 35
[353] J.A. Hiltz, J. Anal. Appl. Pyrol. 22 (1991) 113. (1986) 111.
[354] F.C.-Y. Wang, J. Chromatogr. A765 (1997) 279. [389] S. Yamaguchi, J. Hirano, Y. Isoda, Kobunski Ronbunshu 46
[355] V.M. Ryabikova, A.N. Zigel, L.N. Pirozhnaya, G.S. (1989) 493.

Popova, Vysokomol. Soedin Ser. B 34(3) (1992) 54. [390] S. Yamaguchi, J. Hirano, Y. Isoda, J. Anal. Appl. Pyrol. 12
[356] L. Wencheng, L. Huizhen, T. Senmin, Huaxue Shijie 26(4) (1987) 293.

(1985) 96, 107. [391] S. Yamaguchi, J. Hirano, Y. Isoda, Bunseki Kagaku 35
[357] S. Jingzhi, C. Tongfen, B. Junhr, H. Zhenyuan, Youji (1986) 941.

Huaxie 8 (1988) 470. [392] X. Zheng-Yan, L. Shuying, Y. Zhenhua, Y. Ling, Sepu 6
[358] M.W. Raynor, R.M. Waring, I.L. Davies, J. Chrom. Sci. 25 (1988) 209.

(1987) 104. [393] E.J. Levy, J.Q. Walker, J. Chromatogr. Sci. 27 (1964) 49.
[359] S. Yamaguchi, J. Hirano, Y. Isoda, J. Appl. Anal. Pyrol. 12 [394] J.Q. Walker, J. Chromatogr. Sc. 15 (1977) 26.

(1987) 293. [395] K.V. Alekseyeva, L.K. Khramova, L.A. Strel’nikova, Zavod.
[360] G.G. Esposite, M.H. Swann, J. Gas Chromatogr. 3 (1965) Lab. 36 (1970) 1304.

282. [396] J.V. Prasad, B.D. Bhatt, R.N. Nigam, Polym. Sci. 2 (1991)
[361] M. Phair, T. Wampler, Rubber World, February 1997, p. 30. 555.
[362] E. Gmahl, W. Ruess, Int. J. Cosmet. Sci. 15 (1993) 77. [397] M. Saglam, J. Appl. Polym. Sci. 321 (118).
[363] W.G. Fischer, P. Kusch, J. Chromatogr. 518 (1990) 9. [398] R.L. Gatrell, T.J. Mao, Anal. Chem. 37 (1965) 1294.
[364] S. Yamaguchi, J. Hirano, Y. Isoda, Bunseki Kagaku 38 [399] J.K. Haken, T.R. McKay, Anal. Chem. 45 (1973) 1251.

(1989) 25. [400] S. Paul, J. Coatings Tech. 52 (1980) 47.
[365] F. Farre-Ruis, G. Guichon, J. Gas Chromatogr. 5 (1967) [401] K.L. Wallisch, J. Appl. Polym. Sci. 18 (1974) 20.

457. [402] J. Haslam, J.B. Hamilton, A.R. Jeffs, Analyst 83 (1958) 66.
[366] V.G. Zalkin, R.G. Mardanov, V.A. Yakovlev, N.A. Plate, J. [403] W. Hong, Z. Guiqin, Y. Zhenhau, D. Liping, Z. Yunbo, L.

Anal. Appl. Pyrol. 23 (1992) 33. Xinye, Fenxi Huaxue 13 (1985) 192.
[367] M.H.P.M. van Lieshout, H.-G. Janssen, C.A. Cramers, [404] H. Canshu, C. Yongrong, L. Xudong, Sichuan Daxue

M.J.J. Hetem, J.P. Schalk, J. High. Resolution Chromatogr. Xuebao, Ziran Kexuebanm 25 (1988) 352.
19 (1996) 193. [405] T. Koike, T. Ogasawara, Bosei Kanri 34 (1990) 161.

[368] D.H. Ahlstrom, S.A. Liebman, Sixth Annual Meeting [406] A. Luo, B. Ge, R. Fu, J. Ni, J. Chen, L. Deng, Q. He, J.
FACSS, Philadelphia, PA, 1979. Anal. Appl. Pyrol. 21 (1991) 327.

[369] A. Krishen, R.G. Tucker, Anal. Chem. 46 (1974) 29. [407] J.J. Shen, E. Woo, LC-GC 6 (1988) 1020.
[370] Wang F.C.-Y., P.B. Smith, Anal. Chem. 69 (1997) 618. [408] A.M. Casanovas, X. Rovira, J. Anal. Appl. Pyrol. 11 (1987)
[371] R.O.B. Wijesekera, M.R.N. Fernando, J. Chromatogr. 65 227.

(1972) 560. [409] J.K. Haken, Thesis UNSW, 1962.
[372] H. McCormick, J. Chromatogr. 40 (1969) 1. [410] H. Senoo, S. Tsuge, T. Takeuchi, J. Chromatogr. Sci. 9
[373] C.W. Stanley, W.R. Peterson, SPE Trans. 2 (1962) 298. (1971) 315.
[374] E.M. Barrall II, R.S. Porter, J.F. Johnson, Anal. Chem. 35 [411] E.C. Ferlauto, M.K. Lindemaim, S.A. Lucchesi, R.D.

(1963) 73. Gaskill, J. Appl. Polym. Sci. 15 (1971) 445.
[375] E. Hagen, G. Hazkoto, Plaste Kautsch 16 (1969) 21. [412] V.P. Senthil, J. Anal. Appl. Pyrol. 21 (1991) 163.



J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187 185

[413] X. Zu, A. Li, Sepu 7 (1989) 301. [448] W. Mills, M.I. Jordan, J. IRI 4 (1970) 60.
[449] E.A. Ney, A.B. Heath, J. IRI 2 (1968) 276.[414] Z. Xu, S. Liu, Z. Zang, L. Yang, Sepu 6 (1988) 205.
[450] L. Trojer, I. Ericsson, J. Chromatogr. Sci. 16 (1978) 345.[415] X. Jin, N. Oguri, A. Onishi, S. Uchino, J. High Res.
[451] B. Adler, K. Metzner, J. Sieffarth, J. Wille, PlasteChromatogr. 15 (1992) 33.

Kautschuk 36 (1989) 8.[416] N. Grassie, E. Farish, Eur. Polym. J. 1 (1967) 197.
[452] A. Kristen, Anal. Chem. 44 (1972) 494.[417] R.S. Lehrle, J.C. Robb, J. Gas Chromatogr. 5 Sci. 3(19)
[453] S. Karayenev, G. Kostov, R. Milina, M. Mikhailov, Vys-(1967) 89.

okomol. Soedin. Ser. A 16 (1974) 2162.[418] T. Takeuchi, T. Okumoto, S. Tsuge, Japan Anal. 18 (1969)
[454] D.J. O’Neil, J. Compos. Mater. 2 (1969) 502.614.
[455] F.C.-Y. Wang, B.B. Gerhart, P.B. Smith, Anal. Chem. 67[419] J.K. Haken, T.R. McKay, J. Chromatogr. 80 (1973) 75.

(1995) 3536.[420] C.E.F. Jones, G.E.J. Reynolds, J. Gas Chromatogr. 5 (1967)
[456] V.M. Ryabikova, A.N. Zigel, G.S. Popopva, Vysokomol

25.
Soedin Ser. A 32 (1990) 882.

[421] D.L. Evans, J.L. Weaver, A.K. Mukherji, Ch.L. Beatty,
[457] H. Liu, R. Fu, P. Zhu, M. Ye, L. Shi, J. Anal. Appl. Pyrol.

Anal. Chem. 50 (1978) 857.
18 (1990) 79.

[422] L.D. Turkova, B.G. Belenjy, Vysokomol. Soedin. Serial A [458] H. Nakagawa, Y. Matsushita, S. Tsuge, Polymer 28 (1987)
12 (1970) 467. 1512.

[423] S. Tsuge, T. Kobayuashi, T. Nagaya, T. Takeuchi, J. Anal. [459] N. Nakagawa, S. Tsuge, Macromolecules 18 (1985) 2068.
Appl. Pyrol. 1 (1979) 133. [460] J. Kalal, Z. Zachoval, J. Kubat, F. Svec, J. Anal. Appl.

[424] R.A. French, Chem. New Zealand, April 1988, p. 362. Pyrol. 1 (1979) 143.
[425] R. Oguchi, A. Shimizi, S. Yamashita, K. Yamaguchi, J. [461] S. Yamaguchi, J. Hirano, Y. Isoda, J. Anal. Appl. Pyrol. 16

High Res. Chromatogr. 41 (1991) 412. (1989) 159.
[426] J.K. Haken, D.K.M. Ho, J. Chromatogr. 126 (1976) 239. [462] S. Yamaguchi, S. Yokoyama, Bunseki Kagua 34 (1986)
[427] M. Seeger, E.M. Barral II, J. Polym. Sci. A-1. 13 (1975) 539.

1515. [463] J. Hiltz, J. Anal. Appl. Pyrol. 22 (1991) 113.
[428] T. Shimono, M. Tanaka, T. Shono, J. Anal. Appl. Pyrol. 1 [464] O. Kysel, V. Durdovic, Chem. Zvesti 19 (1965) 570.

(1979) 67. [465] V.G. Zaikin, R.D. Mardanov, V.I. Kleiner, B.A. Krentsal,
[429] S.H.R. Richards, D.A. Salter, Polymer 8 (1967) 127. N.A. Plate, J. Anal. Appl. Pyrol. 17 (1990) 291.
[430] K. Tsuge, J. Ando, N. Okubo, J. Soc. Rubber Md. Jap. 42 [466] H.A. Willis, in: D.O. Hummel (Ed.), Proceedings of the

(1969) 851. Fifth European Symposium on Polymer Spectroscopy,
[431] G.J.Q. Van der Peyl, T.C.T. Linnartz, C.A.J.J. van Rossum, Verlag Chemie, Weinheim. 1979.

M. Zeelenberg, J. Anal. Appl. Pyrol. 19 (1991) 279. [467] E. Cianette, G. Pecci, Md. Gomma. 15(11) (1971) 39.
[432] S. Yumaguchi, S. Yokoyama, Bunseki Kagaku 33 (1984) [468] T. Iemura, Y. Jitsugiri, S. Yonemori, J. Anal. Appl. Pyrol.

153. 33 (1995) 103.
[433] S. Mao, H. Ohtani, S. Tsuge, J. Anal. Appl. Pyrol. 33 [469] B.K. Badyrov, N.E. Shadrina, V.F. Pavlova, N.K. Podles-

(1995) 1. skaya, M.K. Asamov, A.R. Karimov, Zh. Anal. Chem. 46
[434] S. Mao, H. Ohtani, S. Tsuge, J. Anal. Appl. Pyrol. 33 (1991) 117.

(1995) 981. [470] J. Martinez, G. Guiochon, J. Gas Chromatogr. 5 (1967)
[435] H. Ohtani, T. Asia, S. Tsuge, Macromolecules 18 (1985) 146.

1148. [471] I. Tanikawa, M. Maniwa, H. Hotto, S. Kobayashi, J. Jap.
[436] Z. Xu, Fenxi Huaxue 19 (1991) 796. Soc. Col. Mat. 42 (1969) 349.
[437] R. Vukovic, V. Gnjatovic, J. Polym. Sci. Part A-1. 8 (1970) [472] R.S. Lehrle, J.C. Robb, Nature 183 (1959) 1671.

139. [473] J. Martinez, G. Guiochon, J. Gas Chromatogr. 5 (1967)
[438] Y. Shibaski, J. Polym. Sci. Part A-1 5 (1967) 21. 146.
[439] Y. Shibazaki, H. Kambe, Kobunshi Kagaku 21 (1964) 71. [474] J.G. Cobler, E.P. Samsel, SPE Trans. 2 (1971) 145.
[440] S. Igarashi, H. Kambe, Makromol. Chem. 79 (1964) 180. [475] A.S. Barlow, R.S. Lehrle, J.C. Robb, Polymer 2 (1961) 27.
[441] J. Voight, Kunstoffe 51 (1961) 18. [476] Y. Ito, H. Ogasawara, Y. Ishida, H. Ohtani, S. Tsuge,
[442] H. Kambe, Y. Shibasaki, Chem. High Polym. 21 (1964) 65, Polym. J. (Tokyo) 28 (1996) 1090.

78. [477] H.-J. Chae, S.M. Jo, H.S. Lyu, T. Nakajima, Taehan
[443] D. Braun, R. Disselhoff, Agnew. Makromol. Chem. 23 Hwahakhoe Chi 31 (1987) 287.

(1972) 103. [478] T. Takeuchi, T. Okumoto, S. Tsuge, Bunseki Kagaku 18
[444] T. Nagaya, Y. Sugimura, S. Tsuge, Macromolecules 13 (1969) 614.

(1980) 353. [479] S. Duc, A. Petit, J. Anal. Appl. Pyrol. 40–41 (1997) 55.
[445] M. Blazso, G. Varhegyl, E. Jakab, J. Anal. Appl. Pyrol. 2 [480] A. Kondo, H. Ohtani, Y. Kosugi, S. Tsuge, Y. Kubo, N.

(1980) 177. Asada, N.H. Inaki, H. Inaki, Macromolecules 21 (1988)
[446] R. Yoshida, Y. Watanabe, M. Kazama, Bunseki Kagaku 39 2918.

(1990) 183. [481] S. Yamaguchi, J. Hirano, Y. Isoda, Polym. J. (Japan) 17
[447] H.J. Cortes, Anal. Chem. 61 (1989) 961. (1985) 1105.



186 J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187

[482] A. Tamaoki, Y. Ishida, N. Nishimura, Asahi Garasu Kenkyu [515] H. Senoo, S. Tsuge, T. Takeuchi, Makromol. Chem. 161
(1972) 185.Hokoku 37 (1987) 263.

[516] B.D. Coleman, T.G. Fox, J. Polym. Sci. Part A. 1 (1963)[483] A. Petit, J. Neel, J. Appl. Polym. Sci. 41 (1990) 267.
3183.[484] M. Blazso, J. Chromatogr. A 683 (1994) 115.

[517] M. Seeger, R.J. Gritter, J. Polym. Sci. Chem. Ed 15 (1977)[485] Z. Xu, J. Yang, Yingyong Huaxue 10(4) (1993) 101.
1393.[486] F. Xiucheng, Shiyou Huagong 14 (1985) 414.

[518] M. Seeger, H.-J. Cantow, Polym. Bull. 1 (1979) 347.[487] T. Okumoto, T. Takeuchi, S. Tsuge, Macromolecules 7
[519] M. Seeger, J. Exner, H.-J. Cantow, Macromol. Preprints 11(1974) 376.

(1971) 739.[488] T. Okumoto, T. Takeuchi, S. Tsuge, Macromolecules 6
[520] L. Michajlov, H.-J. Cantow, P. Zugenmaier, Polymer 12(1973) 922.

(1971) 170.[489] H. Ohtani, S. Tsuge, Y. Matsushita, M. Nagasawa, Polym. J.
[521] H. Senoo, T. Tsuge, T. Takeuchi, Makromol. Chem. 161

Jap. 14 (1982) 495.
(1972) 195.

[490] V.G. Zaikin, R.G. Mardanov, V. Kleiner, B.A. Krentsel,
[522] T. Yamada, T. Okumoto, H. Ohtani, S. Tsuge, Rubber

B.N. Bobrov, J. Anal. Appl. Pyrol. 26 (1993) 185.
Chem. Tech. 63 (1991) 191.

[491] W. Sassenberger, K. Wrabetz, Fresinius Anal. Chem. 184 [523] T. Nonobe, S. Tsuge, H. Ohtani, T. Kitayma, K. Hatada,
(1961) 423. Macromlecules 30 (1997) 4891.

[492] J. Zulaica, G. Guiochon, Bull. Soc. Chim. Fr (1966) 1351. [524] D. Noffz, W. Benz, W. Pfab, Fresenius Z. Anal. Chem. 235
[493] R. Sanetra, B.N. Kolarz, A. Wiochowicz, Polimery (War- (1968) 121.

saw) 34 (1989) 490. [525] C.E.R. Jones, G.E.J. Reynolds, J. Gas Chromatogr. 5
[494] R. Menescal, J. Eveland, R. West, M. Blaszo, Macro- (1967) 25.

molecules 27 (1994) 5893. [526] T. Nonobe, H. Ohtani, T. Usami, H. Fukumori, Y. Hirata, S.
[495] T. Usami, T. Itoh, H. Ohtani, S. Tsuge, Macromolecules 23 Tsuge, J. Anal. Appl. Pyrol. 33 (1995) 121.

(1990) 2460. [527] Y. Sugimura, T. Nagaya, S. Tsuge, Macromolecules 14
[496] S. Tamura, J.K. Gillham, J. Appl. Polym. Sci. 22 (1978) (1981) 520.

1867. [528] T. Nagaya, Y. Sugimura, S. Tsuge, Macromolecules 13
[497] T. Shono, K. Shinra, Anal. Chem. Acta 56 (1971) 303. (1980) 353.
[498] V.I. Zheivot, S.I. Afanaseva, V.N. Malakhov, V.N. Sidel- [529] S. Yamaguchi, J. Hirano, Y. Isoda, Bunseki Kagaku 37

nikov, A.V. Shkarin, Fenxi. Huaxue 13 (1985) 753. (1988) 83.
[499] D.G. Hausler, E. Schroeder, F.W. Wege, Plaste Kautschuk [530] G.E. Gromova, Lazaris YaA., Z.V. Orlova, S.M.

24 (1971) 329. Shmuilovich, Vyksomol. Soedin Ser. A. 28 (1986) 432.
[500] D. Braun, E. Canji, Angew. Makromol. Chem. 29/30 [531] S. Tsuge, S. Hiramitsu, T. Takeuchi, Macromolecules 8

(1973) 491. (1975) 721.
[501] T. Usami, Y. Gotoh, S. Takayama, H. Ohtani, S. Tsuge, [532] F.C.-Y. Wang, P.B. Smith, Anal. Chem. 68 (1996) 3033.

Macromolecules 20 (1987) 1557. [533] W. Yan, E. Shi, B. Zhang, F. Xu, Sepu. 11 (1993) 324.
[502] D.H. Ahlstrom, S.A. Liebman, K. Abbas, J. Polym. Sci. [534] L.B. Zubakova, A.V. Safronov, S.D. Petrishchev, N.D.

Polym. Chem. Ed. 14 (1976) 2479. Rumyantseva, L.Y. Nikoforova, T.Y. Sorokina, Vysokomol.
[503] Y. Sugamura, T. Usami, T. Nagaya, S. Tsuige, Macro- Soedin Ser. A 33 (1991) 1321.

molecules 14 (1981) 1787. [535] S.A. Liebman, D.H. Ahlstrom, C.R. Foltz, J. Polym. Sci.
[504] L. Michajlov, P. Zugenmaier, H.J. Cantow, Polymers 9 Polym. Chem. Ed 16 (1978) 3139.

(1968) 325. [536] F.C. Wang, P.B. Smith, Anal. Chem. 68 (1996) 425.
[505] M. Seeger, J. Exner, H.J. Cantow, Macromol. Preprints 11 [537] H. Ohtani, M. Tanaka, S. Tsuge, Bull. Chem. Soc. Jap. 63

(1971) 73. (1990) 1196.
[506] M. Vacherot, J. Gas Chromatogr. 5 (1967) 155. [538] Y. Ito, S. Tsuge, H. Ohhtam, S. Wakabayashi, J.-I. Atarashi,
[507] M. Galin-Vacherot, Eur. Polym. J. 7 (1971) 1455. T. Kawamura, Macromolecules 29 (1996) 4516.
[508] M. Seeger, H.-J. Cantow, Makromolk. Chem. 176 (1975) [539] H. Ohtani, S. Ishiguro, M. Tanaka, S. Tsuge, Polym. J.

1411. (Japan) 21 (1989) 41.
[509] Y. Sugimura, T. Nagaya, S. Tsuge, T. Murata, T. Takeda, [540] H. Ohtani, M. Tanaka, S. Tsuge, J. Anal. Appl. Pyrol. 15

Macromolecules 13 (1980) 928. (1988) 167.
[510] H. Ohtani, S. Tsuge, T. Owaga, H.-G. Elias, Macromole- [541] Y. Tsukahara, Yasuyuki. Nakanishi, Y. Yamashita, H.

cules 17 (1984) 465. Ohtani, Y. Nakashima, Y. F., Luo, T. Ando, S. Tsuge,
[511] Y. Tsuchiya, K. Sumi, J. Polym. Sci. A 7 (1969) 1599. Macromolecules, 24 (1991) 249.
[512] Y. Sugimura, T. Nagaya, S. Tsuge, T. Murata, T. Takeda, [542] H. Ohtani, T. Takehana, S. Tsuge, Macromolecules 30

Macromolecules 14 (1981) 1797. (1997) 2542.
[513] T. Usami, Y. Gotoh, S. Takayama, S.A. Ohtana, S. Tsuge, [543] Y. Ito, H. Ohtani, S. Udea, Y. Nakashima, S. Tsuge, J.

Macromolecules 20 (1987) 1557. Polym. Sci. Part A 32 (1994) 383.
[514] M. Seeger, H.-J. Cantow, Makromol. Chem. 176 (1975) [544] H. Ohtani, M. Tanaka, S. Tsuge, Anal. Chem. 66 (1994)

1411. 1438.



J.K. Haken / J. Chromatogr. A 825 (1998) 171 –187 187

[545] H. Ohtani, S. Ueda, Y. Tsukahara, C. Watanabe, S. Tsuge, J. [573] P.A.D.T. Vimalasiri, J.K. Haken, R.P. Burford, J. Chroma-
Anal. Appl. Pyrol. 25 (1993) 83. togr. 355 (1986) 141.

[546] S. Duc, A. Petit, J. Anal. Appl. Pyrol. 40–41 (1997) 55. [574] J.K. Haken, P.A.D.T. Vimalasiri, R.P. Burford, J. Chroma-
[547] J.K. Haken, J.A. Obita, J. Chromatogr. 244 (1982) 265. togr. 399 (1987) 295.
[548] J.K. Haken, S. Koopetngarm, Chromatographia 34 (1992) [575] R.J.H. Williams, S. Siggia, Anal. Chem. 49 (1977) 2337.

276. [576] J.F. McFadden, D.R. Scheung, J. Chromatogr. Sci. 22
[549] J.K. Haken, P.I. Iddamalgoda, J. Appl. Poly. Sci. 52 (1993) (1984) 310.

225. [577] J.K. Haken, N. Harahap, R.P. Burford, J. Chromatogr. 387
[550] S.P. Frankoski, S. Siggia, Anal. Chem. 44 (1972) 2078. (1987) 223.
[551] G.J. Glading, J.K. Haken, J. Chromatogr. 157 (1978) 404. [578] J.K. Haken, J. Chromatogr. 406 (1987) 167.
[552] J.K. Haken, J.A. Obita, J. Oil Col. Chem. Soc. 63 (1980) [579] J.K. Haken, N. Harahap, R.P. Burford, J. Chromatogr. 452

200. (1988) 37.
[553] J.K. Haken, J.A. Obita, J. Chromatogr. 213 (1981) 55. [580] J.K. Haken, N. Harahap, R.P. Burford, J. Coatings Tech.
[554] J.K. Haken, J.A. Obita, Macromol. Sci. (Chem) A17 (1982) 60(759) (1988) 53.

203. [581] J.K. Haken, N. Harahap, R.P. Burford, J. Coatings Tech.
[555] J.K. Haken, J.A. Obita, J. Chromatogr. 244 (1982) 259. 62(780) (1990) 109.
[556] D.D. Schleuter, S. Siggia, Anal. Chem. 49 (1977) 2349. [582] J.M. Challinor, J. Anal. Appl. Pyrol. 16 (1989) 23.
[557] J.K. Haken, N. Harahap, R.P. Burford, J. Chromatogr. 500 [583] J.M. Challinor, J. Anal. Appl. Pyrol. 18 (1991) 233.

(1990) 367. [584] S. Satoh, Bunseki Kaguku 41 (1992) 173.
[558] P.C. Rahn, S. Siggia, Anal. Chem. 45 (1973) 2336. [585] Y. Takekoshi, S. Kanno, S. Kawase, T. Kiho, S. Ukai, Jap.
[559] J.K. Haken, M.A. Rohanna, J. Chromatogr. 298 (1984) 263. J. Toxicol. Environ. Forensic Health 42 (1996) 28.
[560] J.K. Haken, P.I. Iddamalgoda, Prog. Org. Coatings 26 [586] Y. Ishida, S. Tsugew, H. Ohtani, F. Inokuchi, Y. Fujii, S.

(1995) 101. Suetomo, Anal. Sci. 12 (1996) 835.
[561] J.K. Haken, M.R. Green, J. Chromatogr. 396 (1987) 121. [587] A.Venema, G. Boom-van, C.A. Renie, J. Microcolumn Sep.
[562] J.K. Haken, M.R. Green, J. Chromatogr. 403 (1987) 145. 7 (1995) 337.
[563] J.K. Haken, J.A. Obita, J. Chromatogr. 239 (1982) 377. [588] H. Ohtani, H. Ogasawara, S. Kawaguchi, S. Tsuge H.
[564] S.P. Frankoski, S. Siggia, Anal. Chem. 44 (1972) 507. Hatano, in: H. Ohtani, T. Mania (Eds.), International
[565] L.G. Sarto Jnr. Ph.D Thesis Univ. Massachusetts, Amherst, Symposium of Chromatography 35th Anniversary Res.

1982. Group Liquid. Chromatography, Japan. World Sci., Singa-
[566] D.D. Schleuter, S. Siggia, Anal. Chem. 49 (1977) 2343. pore, 1995, p. 813.
[567] J.K. Haken, M. Camamo, J. Chromatogr. 595 (1992) 283. [589] Y. Ishida, S. Kawaguchi, Y. Ito, S. Tsuge, H. Ohtani, J.
[568] D.G. Gibian Ph.D. Thesis Univ. Massachuusetts Amherst, Anal. Appl. Pyrol. 40–41 (1997) 321.

1979. [590] J.M. Challinor, J. Anal. Appl. Pyrol. 25 (1993) 349.
[569] R.P. Burford, J.K. Haken, P.A.D/T. Vimalasiri, J. Chroma- [591] J.M. Challinor, J. Anal. Appl. Pyrol. 29 (1994) 243.

togr. 321 (1986) 191. [592] Y. Ishida, H. Ohtani, T. Kato, S. Tsuge, T. Yano, Tappi. J.
[570] P.A.D.T. Vimalasiri, J.K. Haken, R.P. Burford, J. Chroma- 77 (1994) 177.

togr. 361 (1986) 231. [593] J.M. Challinor, J. Anal. Appl. Pyrol. 20 (1991) 349.
[571] P.A.D.T. Vimalasiri, J.K. Haken, R.P. Burford, J. Chroma- [594] I. Pastorova, K.J. van den Berg, J.J. Boon, J.W. Verhoeven,

togr. 362 (1986) 191. J. Anal. Appl. Pyrol. 43 (1997) 41.
[572] P.A.D.T. Vimalasiri, J.K. Haken, R.P. Burford, J. Chroma-

togr. 319 (1985) 121.


