MS Tips No. 456
GC-TOFMS Application

JEOL : i Applications note MS

Qualitative Analysis of Catalytic Reaction Products using

msFineAnalysis Al
- Upcycling of Discarded Polystyrene -

Product: Mass spectrometer (MS)

General

Recently, attention is increasingly focused on upcycling of discarded plastic products to create a chemical product of higher quality or value
than the original. To elevate chemical upcycling using catalytic reaction to an economically viable level, accurate analysis of reaction products is
essential. While gas chromatography - mass spectrometry (GC-MS) is commonly used to determine reaction products, typical database search
based on GC-MS often fails to fully identify these products.

JEOL’s GC-high resolution mass spectrometer (GC-HRMS), JIMS-T2000GC, is capable of: 1) high precision mass analysis; 2) detection of
molecular and fragment ions through electron ionization (El) and soft ionization (Sl); and 3) auto analysis of acquired databy msFineAnalysis Al
to determine chemical formulas and predict chemical structures. These features make it possible to determine chemical structues of such
components that conventional GC-MS is unable to.

In this work, we reacted discarded polystyrene using a catalyst, which is a known upcycling techniquell], and qualitatively analyzed the
resulting products in a JIMS-T2000GC and msFineAnalysis Al.

Experiment Table 1. Measurement conditions
A discarded polystyrene sample was subjected to two stages of

catalytic reaction shown in Figure 1. GC-HRMS

[Degradation Process] . .
1.0 g of discarded polystyrene was dissolved with 15mL of benzene Gas Chromatograph 8890 GC (Agilent Technologies, Inc.)

(299.7%). The polystyrene/benzene solution was transferred to a quartz . .

tube, and the dissolved oxygen was replaced with argon gas. 1g of Mode Split 30:1

anhydrous aluminum chloride (298%) was added as a catalyst, and the

(o]
mixture was irradiated by a UV lamp (253.7 nm, 8W) for 5 hours. 1mL of Inlet temperature 280 °C

the supernatant of the reacted solution was measured in the GC-HRMS. Column DB-5MS, 30m x 0.25mm, 0.25um
[Upcycling Process] (Agilent Technologies, Inc.)
5mL of dichloromethane was added to the degradation solution and let ° . ° . ° .
stand for 6 hours. 1mL of the supernatant of the reacted solution was Oven 50°C (1min) —10°C/min —300°C (3min)
measured in the GC-HRMS. Carrier gas He, 1.0mL/min
Both reaction processes took place at room temperature. El and Pl Iniecti | 1 uL
(Photo lonization) as S| were used as ionization methods. njection volume M
msFineAnalysis Al was subsequently used f_o_r analysis of the acquired TOEMS JMS-T2000GC (JEOL Ltd.)
data. Table 1 shows the measurement conditions.
. . lonization El+: 70eV, 300pA
Results and Discussion H
Figure 2 shows the total ion current chromatograms (TICCs) of El and PI+: D, lamp
Pl acquired from the solutions in degradation (blue) and upcyling (red) o
processes. A total of 45 components were detected, including benzene Monitor ion range m/z 10-800
and diphenylmethane, major products in each process. For 26 - - -
components, their formulas predicted from the molecular ions did not Analysis software msFineAnalysis Al (JEOL Ltd.)
agree with the results of NIST compound search.
However, msFineAnalysis Al contains an Al database of EI mass
spectra estimated from the compound structures (Al library) in addition to
the NIST database. The 26 components, when examined against the Al
library, matched well with the compounds having the compositional
formulas predicted by molecular ions. Figure 2 shows the estimated
compounds.
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Figure 1. Synthetic scheme of both degradation process and upcycling process, and sample photographs
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Figure 2. El and PI TICCs of both solutions of degradation and upcycling processes
Degradation process: Blue, Upcycling process: Red

Figures 3 and 4 respectively show the mass spectra and predicted formula of the component marked by

at a retention time of 15.81 minutes in the degradation solution.
Its chemical composition was estimated to be C,gH,, from the exact mass verified in the Pl mass spectrum in Figure 3. NIST database

search for the El mass spectrum did not result in any compounds showing a similarity of 700 or more. However, the Al structural analysis in

Figure 4 resulted in (2-phenylcyclohexyl)benzene, which had a chemical formula of C,¢gH,, and also showed good agreement with the EI

fragment patterns.

in Figure 2, which was detected

Aside from benzene, components contained in both processed solutions included 2-methylbutane and 5-phenylhepta-1,6-dien-3-ylbenzene,
according to the volcano plot results in Figure 5. Components detected in the degradation solution alone were identified as a group of
compounds having one or more benzene chains and polyaromatic hydrocarbons (PAHS). Also, aside from diphenylmethane, components
detected in the upcycling solution alone included, 1,4-dibenzylbenzene, toluene, and dichloromethane added for reaction.

It is likely that the compounds having one or more benzene chains and PAHs detected in the degradation solution resulted from primary
interaction producing benzene as well as sub-reaction producing PAHs through the catalytic reaction between the polystyrene/benzene

solution and aluminum trichloride.
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Figure 3. El and FI mass spectra of the component at a retention time of 15.81 minutes

JEOL Ltd.

to be exported is in this category, the end user will be asked to fill in these certificate forms.

Gertain products in this brochure are controlled under the “Foreign Exchanse and Foreign Trade Law” of Japan in compliance with international security export control. JEOL Ltd. must
provide the Japanese Government with “End-user's Statement of

urance” and “End-use Gertificate” in order to obtain the export license needed for export from Japan. If the product

Copyright © 2023 JEOL Lid.

=



Compound (ID: 035, RT: 15.82 min, Class: A > B, Area: 408436, Height: 209736, Link: v, IM (m/2): 236.15600)
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Fe
Canonical SMILES | clcec(C20CCCC2e2ccccc2lec Crond . €11 H13) €18 H20
- 5
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Figure 4. El and FIl mass spectra of the component at a retention time of 15.81 minutes

in the degradation solution
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Figure 5. Volcano Plot results
Degradation process: Blue, Upcycling process: Red

Summary

The results of this work demonstrate that msFineAnalysis Al is a powerful tool for qualitative analysis, capable of predicting chemical
formulas and chemical structures while saving time and labor. Accurate qualitative analysis of catalytic reaction products is useful for
evaluation and scaling up of catalytic reactions.

Furthermore, volcano plotting identified differences in the components produced in the solution from each process, providing information on
sub-reaction products as well.

The JMS-T2000GC and msFineAnalysis Al, proven to be effective in identifying reaction products as shown in this work, are also expected
to be useful for qualitative analysis of unknown compounds.
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