Analyzing Photodegraded Styrofoam by Using Py/GC/MS with a
Combination EI/PI Ion Source
Product: JMS-Q1500GC GC/MS System
Introduction
Electron ionization (EI) is the most commonly used ionization technique in gas chromatography–mass
spectrometry (GC-MS). This hard ionization technique (70eV) provides excessive energy to organic compounds that
results in highly reproducible fragment ions with relatively high ion intensities. As a result, EI databases have been
created that help with identifying the compounds of interest. Despite this ability to do database searches, some
compounds (alkanes, alcohols, etc.) do not produce abundant molecular ions, thus making it difficult to
differentiate similar compounds from each other.
By contrast, photoionization (PI) is a soft ionization technique that uses a vacuum ultraviolet (VUV) light source to
provide ionization energies in the range of 8–10eV. This range is optimal for the soft ionization of common organic
compounds which have an ionization energy in the range of 8–11eV. This low ionization energy results in stronger
molecular ion signals and less fragmentation than for EI. Combining an EI library search with PI molecular ion
information can improve the accuracy of the qualitative analysis results.
In this work, we report on the qualitative analysis of styrene foam (Styrofoam) before and after photodegradation,
using pyrolysis (Py)-GC/MS with an EI/PI combination ion source.

Experiment
Commercial Styrofoam was photodegraded for 10
days using an irradiated UV lamp for O3 sterilization
(wavelength: 253.7 nm; output: 1.6 W; Toshiba
Corporation). The Styrofoam was set approximately
10cm away from the lamp. After UV irradiation, the
discolored surface of the Styrofoam was scraped off
and measured as a sample.
Sample weight:
New Styrofoam: 0.31 mg (EI), 0.35 mg (PI)
Photodegraded Styrofoam: 0.32 mg (EI), 0.36 mg (PI)
Table 1 shows the Py/GC/MS measurement
conditions.
Combination EI/PI Ion Source
The combination EI/PI source hardware consists of
2 filaments for EI and a deuterium lamp for PI that
are all attached to the ion source chamber. This
design allows the user to switch the measurement
modes between EI and PI without breaking vacuum.
Figure 1 provides a schematic diagram of the PI ion
chamber. Ions generated via EI or PI then
immediately pass through to the quadrupole mass
analyzer.

Table 1. Measurement conditions
Pyrolyser

EGA/PY-3030D (Frontier Laboratories, Ltd.)

Pyrolysis temp.

500˚C

GC column

ZB-1 (Phenomenex), 30m x 0.25 mm, 0.25μm

Oven temp.

50˚C (1 min) → 10˚C/min → 340˚C (10 min)

Inlet mode

Split 20:1

GC-MS

JMS-Q1050GC

Ionization mode

EI+: 70 eV, 50μA
PI+: 10.8 eV

Figure 1. Schematic of the PI ion chamber.
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Results

Figure 2. TICCs.
Upper: Py/GC/MS (EI), lower: Py–GC/MS (PI).
The evolved gas analysis (EGA) results showed that photodegraded Styrofoam produced gases at a lower furnace
temperature with a lower relative ratio than new Styrofoam (not described in this report). This suggested that
photodegradation reduced the Styrofoam’s molecular-weight (MW) distribution.
The total ion current chromatograms (TICCs) for the Py/GC/MS results are shown in Figure 2. There were three types
of peaks detected—increased, decreased, or generated by UV irradiation.
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PI detects compounds with low ionization energy, such as aromatic compounds, with high sensitivity. The
pyrolytic products of Styrofoam contain many aromatic compounds, making them particularly suitable for the PI
method. The EI and PI results showed many common peaks, except in the earliest retention time (RT) region (Fig.
2). Table 2 shows the compounds identified from the EI data by using National Institute of Standards and
Technology (NIST) database searches. This table includes the base peak m/z for both EI and PI as well as the
molecular weight for these compounds.
Most PI base peaks had the same MWs as the NIST Library search candidates. In this situation, the PI results were
useful for narrowing down these candidates. Figure 3 shows EI and PI mass spectra of peaks generated by UV
irradiation (indicated in Fig. 2 TICCs by a star [★]). NIST Library results and PI molecular ion information suggested,
respectively, 1-propenylbenzene and acetophenone. Note also that some peaks (e.g., RT = 21:35, 25:10, 25:29)
could not be estimated due to poor matching with the NIST database search results. However, the PI data showed a
base peak of m/z 286 at RT 21:35 and m/z 312 at both RTs 25:10 and 25:29 which indicates that these ions are most
likely the molecular weights for these three components. Additionally, these compounds are likely to be aromatic
because the EI base peak was m/z 91, which is consistent with toluene and other aromatic compounds in the
sample.
Table 2. NIST Library search results and PI base peaks.

Figure 3. Mass spectra of 1-propenylbenzene and
acetophenone.

Conclusion
The EI/PI combination ion source made it easy to switch between PI and EI without breaking vacuum. Using both
EI and PI data improved the quality of identification when compared with just using EI data alone.
The results for before and after photodegradation of the Styrofoam showed that the PI base peak was consistent
with the EI candidate compound MWs from the NIST database search. Accordingly, this further supported the EI
library search results.
Additionally, the PI mass spectra provided MW information even for compounds that resulted in poor NIST
match factors, thus providing useful information for unknowns.
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