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Quantitative analysis of phenylphosphonic acid
zinc salt in polylactic acid by pyrolysis GC/MS

[Background] Poly(lactic acid) (PLA) is a biodegradable plastic derived from biomass, and its features include ease of
molding and high biocompatibility. To produce heat- and impact-resistant PLA, crystallization of PLA is essential and
nucleating agents such as phenylphosphonic acid zinc salt (PPA-Zn) are employed for this purpose. Quantifying PPA-Zn is
important both for evaluating the amount of nucleating agent added and for assessing the environmental impact of the zinc
contained in PPA-Zn. However, phosphonic acid, which act as a chelating agent in PPA-Zn, is unsuitable for GC/MS analysis
in their native form because of high polarity. Compounds with such polar groups can be readily analyzed by GC/MS when
combined with thermally assisted hydrolysis and methylation (THM) by use of tetramethylammonium hydroxide (TMAH).
Therefore, a method for quantifying PPA-Zn in PLA was developed using this approach.

[Experimental] For measurements, a GC/MS system equipped with a Multi-Shot Pyrolyzer (EGA/PY-3030D), directly
interfaced to the GC inlet was used. A model sample was prepared by formulating PPA-Zn (1 wt%) into PLA. First, evolved
gas analysis (EGA)-MS measurements were carried out for thermal characterization of the sample (Fig. 1). Next, PPA-Zn
was quantified by both one-step and two-step methods using THM Py-GC/MS, and the results were compared. In the one-
step method, a 0.1 mg sample was put in a sample cup and pyrolyzed at 500 °C in the presence of 10 yL of TMAH (25 wt%
in methanol). In the two-step method, the PLA matrix polymer was first decomposed by heating the sample from 200 to
400° C (20° C/min). Subsequently, the sample cup was taken out from the pyrolyzer, 3 uL of TMAH solution was added,
and the sample was pyrolyzed at 500 °C.

[Results] Two peaks in the EGA curve shown in Fig. 1 are assigned as PLA and PPA-Zn from the averaged mass spectra.
PPA-Zn was converted to dimethyl phenylphosphonate (DMPP) by THM, and when pyrolysis temperature was varied from
250 to 600 °C, the peak area of DMPP showed a maximum at 350 °C and further increase in temperature resulted in the
gradual decrease in the peak area, while the THM efficiency increased from 250 °C and became constant above 500 °C.
From these results, THM pyrolysis temperature was set at 500 °C.

Figure 2 shows the pyrogram obtained the one-step method, o)
and thermal decomposition products of PLA, such as methyl PLA Q_S/O\Z
acetate, were observed. DMPP was detected as a sharp peak, ~ -
and PPA-Zn was quantified via the standard addition method
with the reproducibility of 7.8% RSD. Figure 3 shows the CHs
pyrogram obtained from the two-step method. As a result of PPA-Zn
thermal decomposition of PLA in the first step, the background H OH
level lowered and DMPP was identified as the main peak. o]
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Fig. 1 EGA curve of the sample.

Furnace temperature: 100 — 700 °C, GC oven temperature: 300 °C, EGA tube:

UA-DTM-2.5N, Carri flow: 1 mL/min (He), S | t :0.1
Methylated pyrolyzate Methylated pyrolyzate arrier gas flow: 1 mL/min (He), Sample amoun mg

of Fl’LA of PPA-Zn

(0]
1_o—
‘ @Cu)/o— Dimethylphenyl @P\of

~o— phosphonate

(DMPP)
X50
L S — ‘ ‘
2 4 6 8 10 12 min 7 8 9 10 11 min
Fig. 2 Pyrogram of the sample (one-step method). Fig. 3 Pyrogram of the sample (two-step method).

Furnace temperature: 500 °C, GC injector temperature : 300 °C, Separation column: UA*-5(5 % diphenyl 95 % dimethylpolysiloxane, L=30 m, i.d.=0.25 mm, df =0.25 ym),
GC oven temperature: 40(2 min) — 320°C (20 °C /min), Carrier gas flow: 1 mL/min (He), Sample amount: 0.1 mg

1) K. Matsui et al., Anal. Sci. 41 (2025) 1817-1823.
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