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Pyrolysis Mass Spectrometry—A New Forensic
Science Technique

Pyrolysis gas chromatography (PGC) has found wide acceptance in forensic science labor-
atories as a technique for identifying and comparing many types of synthetic polymeric
materials, particulary paints, adhesives, and fibers [/-5]. As a tool for identification, this
technique is restricted to assorting polymeric materials into broad classes. Wheals and
Noble [4] have demonstrated the ease of identifying thermosetting alkyd finishes, acrylic
lacquers, and acrylic enamels by PGC. Stewart {2] has used PGC to distinguish the three
types of nonaqueous dispersion acrylic enamels commonly used by American automobile
manufacturers, thereby facilitating the identification of a car’s make and model from the
pyrogram of its paint binder.

Probably of greater significance to the forensic analyst is the fact that PGC can detect
slight differences in the chemical composition of paint binder formulations. The ability
to discriminate paints derived from different sources is greatly enhanced by supplementing
microscopic and solvent tests with PGC [6]. Hence, a careful comparison of the pyrograms
of questioned and control paints may reveal slight differences in the chemical composition
of their binders even though they may have the same color and belong to the same family
of paints. This, of course, would immediately eliminate the possibility that the paints had
a common origin. On the other hand, if two paints can be shown to have comparable pyro-
grams, this would enhance the probability that they originated from the same source.

At present, comparative PGC determinations are confined to intralaboratory analyses
where the pyrogram patterns of known and questioned specimens can be compared directly.
Owing to the large number of variables associated with the PGC technique (column compo-
sition, column length, column temperature, flow rates, and the pyrolyzer system), there
seems to be little hope at this time that a standardized system can be implemented to permit
the interlaboratory exchange of pyrolysis data and the maintenance of standard pyrogram
collections for automobile paints in the United States.

One feasible alternative may be to combine the pyrolysis technique with mass spec-
trometry, thereby eliminating the gas chromatograph. This alternative has been sug-
gested by DeForest [7] while studying the feasibility of individualizing hair through
PGC. He later reported [8] that a preliminary investigation of high-resolution electron-
impact pyrolysis mass spectrometry (PMS) showed some promise for the forensic individ-
ualization of hair and paint; however, the resultant fragmentation patterns were ap-
parently too complex, limiting the applicability of the technique. Work has been in
progress on “fingerprinting” biological material by PMS for a number of years. Zemany
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[9] first published mass pyrographs of albumin and pepsin in 1952. Other workers have
since identified bacteria and other microorganisms by PMS [10-13].

This paper reports the results of our initial efforts at characterizing paint and synthetic
fibers by PMS. In contrast to the studies cited above, we chose to simplify the resultant
mass pyrograph (pyrolysis-spectrograph) by incorporating a chemical ionization (CI)
source into our mass spectrometer. The CI process basically involves the reaction of an
ionized reagent gas with the sample molecules in the mass spectrometer’s source. By
selecting the proper reagent gas, a proton transfer wil! ensue between the reagent gas
and the sample causing the formation of a protonated molecular ion, (MH)*. The major
advantage of this approach is the ability to control the complexity of the fragmentation
patterns. For example, by selecting isobutane as a reagent gas, the predominant mass
spectral ions are expected to be (MH)" arising from a proton transfer between the tert-
butyl ions and the sample molecules [/4]. Few other fragmentation ions are normally
present in an isobutane CI spectrum,

The simplicity of the resultant isobutane CI mass spectrum makes it amenable to the
analysis of multicomponent mixtures. By inserting the mixture directly into the CI source
one can correlate the resultant ions with the molecular weight plus one for many organic
compounds. Forensic scientists have already used this approach for analyzing drugs
[15-18) and explosive residues [19-22]. All of this work has been accomplished without
resorting to a prior chromatographic separation technique.

With this approach various paints and fibers were pyrolyzed and their degradation
products transferred directly to the CI source. Fragmentation patterns were generated
and the resultant mass pyrographs were recorded on an oscillographic recorder.

Experimental Procedure

All CI spectra were taken on a Du Pont 21-490 single focusing magnetic sector mass
spectrometer. The instrument was fitted with a dual EI/CI source and differential pump-
ing. The unit has resolution of 600 with a 10% valley. The reagent gas selected was
isobutane (99.9% pure) at a source pressure of 0.5 to 1.0 torr. The source temperature
was 200°C, and the ionizing voltage was set at 420 eV in the CI mode.

The pyrolysis mass spectrometry system is shown in Fig. 1. Briefly, the system consists
of a pyrolyzer (Chemical Data System Model 100) connected to the batch inlet of the
mass spectrometer with 1/8-in. (3.2-mm) outside diameter stainless steel tubing. The
batch inlet was maintained at 150°C. Pyrolysis was accomplished by inserting 0.5 mg
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FIG. 1—Schematic of pyrolysis mass spectrometry system.
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of material into a quartz tube. Each end of the tube was plugged with quartz wool. The
tube was positioned into the platinum coiled probe of the pyrolyzer. The pyrolyzer
chamber was heated to 150°C. A probe temperature of 800°C was maintained for 20 s
to effect the thermal degradation of paint and fiber specimens. The pyrolyzates were
passed directly into the evacuated batch inlet. Here the mixture was held for 60 s before
the analyzer valve was opened Jeading to the source of the mass spectrometer. Scans
were taken at set time intervals of 30, 60, and 90 s. All data presented in this paper
represent spectra recorded at 60 s. All monomeric acrylates were purchased from Theta
Corp., Media, Pa.

Results and Discussion

Degradation products frequently arising from the pyrolysis of acrylic polymers were
analyzed by isobutane mass spectrometry. These materials were introduced into the CI
source through the heated batch inlet. The resultant isobutane CI spectra are listed in
Table 1.

TABLE 1—Isobutane chemical ionization spectra of common thermal degradation products of

acrylic polymers.
Molecular
Compound Weight MH* MH* - H,0 Other Ions
Acrylic acid 72 73 (100%) e o
Methacrylic acid 86 87 (100%) . 69 (20%)
Methyl acrylic acid 86 87 (100%) S
Methyl methacrylate 100 101 (100%)
Ethyl acrylate 100 101 (100%) .. o
Styrene 104 105 (100%) . 91 (44%)
Allyl acrylate 112 113 (100%) o
Ethyl methacrylate 114 115 (100%) .
iso-propyl acrylate 114 115 (100%) e 73 (60%)
2-hydroxyethyl acrylate 116 117 (100%) 99 (39%) o
Allyl methacrylate 126 127 (100%) .. e
n-butyl acrylate 128 129 (100%) . 73 (20%)
sec-butyl acrylate 128 129 (100%) . 73 (80%)
iso-butyl acrylate 128 129 (100%) e 73 (20%)
n-propyl methacrylate 128 129 (100%) . 87 (22%)
iso-propyl methacrylate 128 129 (100%) . 87 (80%)
2-hydroxypropyl acrylate 130 131 (100%) 113 (46%) 73 24%)
2-hydroxyethyl methacrylate 130 131 (100%) 113 (23%) ce
n-butyl methacrylate 142 143 (100%) i 87 (20%)
iso-butyl methacrylate 142 143 (100%) . 87 (25%)
sec-butyl methacrylate 142 143 (87%) ce 87 (100%)
tert-butyl methacrylate 142 143 (50%) .. 87 (100%)
n-amyl acrylate 142 143 (100%) . 73 (50%);
71 (11%)
iso-amyl acrylate 142 143 (100%) A 73 (13%);
71 (56%)
2-hydroxypropyl methacrylate 144 145 (100%) 127 (30%) 87 (30%)
Phenyl acrylate 148 149 (100%) el ..
n-amyl methacrylate 156 157 (100%) - 87 (40%)
iso-amyl methacrylate 156 157 (100%) e 87 (20%);
71 (45%)
Phenyl methacrylate 162 163 (100%) s s
2-ethylhexyl acrylate 184 185 (60%) e 113 (93%);
73 (100%)

2-ethylhexyl methacrylate 198 199 (100%) o 87 (50%)
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The majority of the compounds studied yielded one or two ion isobutane CI spectra.
All showed intense protonated molecular ions. The loss of water occurred in those com-
pounds containing an aliphatic hydroxyl group, a situation attributable to the loss of a
protonated hydroxyl group from (MH)*. Not surprisingly, de-esterification was the
primary mode of fragmentation for many of the acrylic and methacrylic esters studied.
Protonation of the carbonyl oxygen and a subsequent rearrangement analogous to the
McLafferty rearrangement [23] (see Fig. 2) can explain the phenomenon.
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FIG. 2—Mechanism for fragmentation of acrylic esters.

One major disadvantage in selecting isobutane as the reagent gas was its inability
to distinguish compounds having the same molecular weight. Often, for this reason, the
absence of detailed fragmentation patterns limits the amount of structural information
that can be derived from the isobutane CI spectrum. However, with isobutane as a
reagent gas the components of a complex mixture of acrylic and methacrylic esters could
be tentatively identified by correlating the spectra’s major jons with (MH)* for specific
acrylic and methacrylic esters (see Table 1).

Paint panels received from the Law Enforcement Standard Laboratory of the National
Bureau of Standards were used for testing automotive paints by PMS. These finishes
are actual production coatings obtained from automobile paint suppliers. Samples of
various sizes were pyrolyzed into the mass spectrometer’s source in an effort to obtain
mass pyrographs repeatable to within 10% at each mass unit detected. A sample size
of 0.5 mg was chosen to meet this criterion. Unfortunately, at this time, it is possible
to retain this repeatability for only 6 h, a situation that limits the PMS technique to the
direct comparison of known and questioned specimens within a given day.

Mass pyrographs produced by the PMS technique for different classes of automotive
paints are listed in Table 2. As shown, a nonaqueous dispersion acrylic enamel, a water-
based acrylic enamel, and an acrylic lacquer are readily differentiated from each other
by PMS. The mass pyrographs of four paints of indistinguishable color are listed in
Table 3. Again, no difficulty is encountered in differentiating these specimens by their
mass pyrographs.

Finally, the mass pyrographs of eight paints, supplied to us by an outside source as
part of a collaborative study [24], are shown in Table 4. Seven of the paints were white
automobile finishes representative of the types of finishes common to American auto-
mobiles. The eighth was an unknown selected from one of the seven paints. The finishes
were identified as follows:

(1) Du Pont, WA-2661, 1968 GM (acrylic lacquer);

(2) Du Pont, WA-2661, 1965 GM (acrylic Lacquer);

(3) PPG Industries, Ayl-EWI, 1972 Chrysler (acrylic enamel);

(4) Cook, M-1525A-NAD, 1973 Ford (acrylic enamel);

(5) Mt. Clemens, JIWFAXXA (M-1619), 1973 Ford (acrylic enamel);
(6) Inmont, M-1619A, 1973 Ford (acrylic enamel);

(7) Mt. Clemens, M-1619 NAD, 1973 Ford (acrylic enamel); and
(8) unknown (one of the above).
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TABLE 2-~Mass pyrographs of automobile paint, NBS standards.

Nonaqueous Dispersion Acrylic Solution
m/e Enamel Water-Based Enamel Lacquer
201 - 2 3
161 9 6
160 4
156 1
149 1
145 7 2
144 11 6 2
143 100 64 15
133 5
131 11 7 1
129 6 21
127 4
119 20 3
117 9
113 10 3
110 7
106 4 2
10s 27 21
104 5 S
103 1
102 - 6 6
101 S 100 100
100 4
99 4
91 - 6
87 8 6 1
86 6 e
85 6 1
73 19 4 1
71 8 2 2

Eight forensic science laboratories participated in the study. All differentiated the
seven finishes from each other by PGC and identified the unknown as Sample 3. Our labora-
tory subjected these specimens to PMS. Qur conclusion was similar to the other par-
ticipants: the unknown compared with Sample 3. Furthermore, the mass pyrographs of
each of the seven paints were distinguishable from each other.

The mass pyrographs of the acrylic lacquers are easily recognizable by their relative
simplicity. Gas chromatographic pyrograms of this type binder are characterized by a
predominant methyl methacrylate peak [4], a situation that is repeated in their mass
pyrographs. The acrylic enamels present a far more complex spectra. In the paints
examined butyl methacrylate and styrene contributed strong ions to the acrylic enamel
mass pyrographs. Many of these paints also contained ions that could tentatively be
correlated with many of the compounds listed in Table 1. Undoubtedly, the significant
degree of variation existing between the mass pyrographs of acrylic enamel paints lends
greater weight to their individualization by this technique and hence to their probative
value as physical evidence.

The application of PMS is not restricted to paints. Table 5 shows the mass pyrographs
obtained for three different types of acrylic fibers. Each fiber is readily differentiated
by its fragmentation pattern.

Although this work is preliminary and more research remains to be done to establish
the value of the technique for forensic science applications, it is interesting to speculate
as to the potential of PMS as well as to its advantages over PGC. Determinations by
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TABLE 3—Mass pyrographs of automobile paint, metallic green.

PPG Industries PPG Industries Inmont
Acrylic Solution Inmont Acrylic Water-Based Water-Based

m/e Lacquer Solution Lacquer Enamel Enamel
201 4 3 cee 2
161 . . 9 6
156 . 1
149 4 1 5
145 . 2
144 . 2 9 6
143 e 15 100 64
131 1 1 7
129 7 10 21
119 3
113 AR  ae . 3
111 v e 36
106 2
105 21
104 R 5
103 1 1 3 .
102 . 6 6 6
101 100 100 94 100

99 ch. e 4

97 6

91 6

89 1 2 .

87 1 9 6

85 7 1

73 1 1 24 4

71 1 2 12 2

TABLE 4—Proficiency test on white automobile paints.

m/e Sample 1 Sample 2 Sample 3 Sample 4 Sample S Sample 6 Sample 7 Unknown

185 3 4 8

149 20 1

143 AN N 45 75 100 98 100 45

131 R 10 .

129 10 25 S 3 8

127 2 20 15 8 10

113 . . 45 20 30 10 17 45

105 e . 73 69 42 45 80 70

104 RN e 73 64 45 45 82 71

102 12 S

101 100 100 100 . 40 R 92 100

100 10 S
91 .. 2 60 85 45 35 75. 60
89 8 1
87 . . 40 . 95 100 98 40
85 7 3 15 65 R BN 10 10
81 9 3 10 50 . e 10 10
73 8 2 35 100 20 5 25 35
71 6 4 37 75 22 2 27 39

PMS are rapid; they can be performed in less than 5 min, a significant reduction in
analysis time when compared with PGC. Furthermore, all pyrolysis products volatile .
enough to pass into and through the vapor chamber (batch inlet) will contribute to the
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TABLE 5—Mass pyrographs of acrylic fibers.

m/e Orlon® Type 42 Acrilan® 16 Teklan
177 15 16

165 22 15

163 20 28

151 18 13

149 37
147 10
143 11
129 R 18
126 10 ce.

124 25 13

123 22
117 70
115 ... e 21
113 14 13 23
107 10 12

103 10
101 el 11
99 6 10 18
97 8 9 16
95 9 10 10
91 . S 53
88 e 100

87 S 12
85 9 8 18
77 e 11
75 7 10
74 100 12 11
73 38 44 100
71 16 18 33
70 10 9 15
69 12 9 16
68 13 10

final mass spectrum. With PGC this situation is different as some degradation products
such as free acids may not be able to be chromatographed and hence will not reach the
detector of the gas chromatograph. Even more important is the ability of PMS to record
and store voluminous numbers of pyrographs in a computer that has been interfaced to
the mass spectrometer. The ability to store and retrieve this type of information would
give forensic scientists a feasible means for creating and searching extensive pyrograph
libraries composed of different automotive paints. This situation would enhance the
crime laboratories’ ability to identify the minute quantities of paint that are found at
many crime scenes. Of course, the feasibility of this approach would also depend on the
creation of a comprehensive program aimed at collecting paint standards from the
various automotive manufacturers and suppliers, a considerable undertaking in itself.
Pyrolysis mass spectrometry does, however, offer a reasonable solution for the storage,
retrieval, and dissemination of the large numbers of spectra that would be generated
from such a program.

Another point is that the PMS technique may be amenable to generating standardized
and reproducible pyrolytic data because it does not have to contend with the many vari-
ables associated with gas chromatography, a situation that at present makes PGC unsuit-
able for creating standard pyrogram libraries. The potential for developing reproducible
mass pyrographs may make feasible the interlaboratory exchange of data and the devel-
opment of reproducible “fingerprint” libraries for the identification of paints. In this
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context, the present utility and availability of mass spectral libraries for the identifica-
tion of drugs should be remembered when one ponders the potential for creating mass
pyrograph libraries.

A number of alternatives exist for improving the sensitivity and day-to-day reproduc-
ibility of the PMS technique. First, it is essential that additional work with PMS be
computer-assisted. Our present capabilities allow us to record only a single mass spec-
trum at arbitrarily chosen time intervals. Poor reproducibility and low sensitivity can be
expected with this approach. Having the ability to continuously scan the relevant mass
range of the spectrum and being able to sum the entire series of scans with the aid of
a computer should dramatically enhance the sensitivity and reproducibility of the resul-
tant mass pyrographs. Second, the pyrolysis procedure described was performed in a
static mode, that is, in the absence of a gas flow. The primary disadvantage of this
approach is that it enhances the occurrence of recombination reactions in the pyrolysis
chamber, resulting in a reduction in sensitivity and repeatability. A planned modification
of our pyrolyzer system will allow the reagent gas (isobutane) to flow through the pyrolyzer
chamber while the sample is being heated. The flowing gas will quickly move the
pyrolytic products out of the heated zone and into the batch inlet, thus minimizing
residence time in the pyrolyzer chamber. It is expected that this modification should
reduce secondary recombination reactions and result in enhanced sensitivity and re-
peatability.

The initial data from this study are encouraging. The immediate advantage of PMS
is that it expands the utility of the mass spectrometer in the crime laboratory. In past
years, many forensic science facilities purchased mass spectrometers solely for drug
identification. Now there is the potential for applying the mass spectrometer to the com-
parison and identification of other types of physical evidence. At this time, PMS has
been found suitable for the direct comparison of paints and fibers.

Summary

A CI mass spectrometer has been modified to monitor the pyrolysis products of paints
and fibers. Materials were pyrolyzed by a heated platinum coil directly into the batch
inlet of a CI mass spectrometer. The simple fragmentation patterns produced by iso-
butane CI permits the operator to correlate a large number of the resultant ions with
the thermal degradation products of acrylic polymers. The mass pyrographs generated are
sufficiently detailed to allow the operator to distinguish various types of automotive
finishes and acrylic fibers. The technique has been successfully used for the direct com-
parison of a variety of automotive paint specimens.

Potentially, PMS may provide forensic scientists with a technique for collecting and
disseminating mass pyrograph libraries for the identification and comparison of various
types of synthetic polymeric physical evidence.

References

[Z] Bortniak, J. P., Brown, S. E., and Sild, E. H., Journal of Forensic Sciences, Vol. 16, 1971,
pp. 380-392.

{2] Stewart, W. D., Ir., Journal of Forensic Sciences, Vol. 19, No. 1, Jan. 1974, pp. 121-129.

{3] Jain, M. C., Fontan, C. R., and Kirk, P. L., Journal of the Forensic Science Society, Vol. 5,
1965, pp. 102-109.

{4] Wheals, B. B. and Noble, W., Journal of the Forensic Science Society, Vol. 14, 1974, pp.
23-32.

{5] Noble, W., Wheals, B. B., and Whitehouse, M. J., Forensic Science, Vol. 3, 1974, pp. 163-
174,

{61 Tippet, C. F., Emerson, V. J., Fereday, M. J., Lawton, F., Richardson, A., Jones, L. T., and
Lampert, J. M., Journal of the Forensic Science Society, Vol. 8, 1968, pp. 61-65.



756 JOURNAL OF FORENSIC SCIENCES

[7]1 DeForest, P. R., “Individualization of Human Hair: Pyrolysis-Gas Chromatography,” D.Crim.
dissertation, University of California, Berkeley, 1969 (University Microfilms Order No. 70-
6029).

[8] DeForest, P. R., Journal of Forensic Sciences, Vol. 19, No. 1, Jan. 1974, pp. 113-120.

[9] Zemany, P. D., Analytical Chemistry, Vol. 24, 1952, p. 1709.

[10] Meuzelaar, H. L. C. and Kistemaker, P. G., Analytical Chemistry, Vol. 45, 1973, pp. 588-
590.

[11] Henk, L., Meuzelaar, C., Kistemaker, P. G., and Posthumus, M., Biomedical Mass Spec-
trometry, Vol. 1, 1974, pp. 312-319.

[12] Oyama, U. 1. and Carle, G. C., Journal of Gas Chromatography, Vol. 5, 1967, pp. 151-154.

[13] Sekhon, A. S. and Carmichael, J. W., Canadian Journal of Microbiology, Vol. 18, 1973, pp.
1593-1601.

[14] Munson, M. S. B., Analytical Chemistry, Vol. 43, 1971, pp. 28A-43A.

[15] Chao, J.-M., Saferstein, R., and Manura, J., Analytical Chemistry, Vol. 46, 1974, pp. 296~
298.

[16] Saferstein, R. and Chao, J.-M., Journal of the Association of Official Analytical Chemists,
Vol. 56, 1973, pp. 1234-1238.

[17] Saferstein, R., Chao, J.-M., and Manura, J., Journal of Forensic Sciences, Vol. 19, No. 3,
July 1974, pp. 463-485.

[18] Beggs, D. P. and Day, A. G., 111, Journal of Forensic Sciences, Vol. 19, No. 4, Oct. 1974,
pp. 891-899.

[Z9] Saferstein, R., Chao, J.-M., and Manura, J. J., Journal of the Association of Official Ana-
Wtical Chemists, Vol. 58, 1975, pp. 734-742.

[20] Zitrin, S. and Yinon, J., Advances in Mass Spectrometry in Biochemistry and Medicine, Vol.
1, Spectrum Publications, Inc., New York, 1976, p. 369.

[21] Yinon, J., Biomedical Mass Spectrometry, Vol. 1, 1974, pp. 393-396.

[22] Gillis, R. G., Lacey, M. J., and Shannon, J. S., Organic Mass Spectrometry, Vol. 9, 1974,
pp. 359-364.

[23] McLafferty, F. W., Interpretation of Mass Spectra, 2nd ed., W. A. Benjamin Inc., Reading,
Mass., 1973.

[24] Stewart, W. D., Journal of the Association of Official Analytical Chemists, Vol. 59, 1976,
pp. 35-41.

New Jersey State Police
Forensic Science Bureau
West Trenton, N.J. 08625





