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Infrared Spectroscopy for Rapid Screening of Phthalates in
Plastic (e.g., PVC) Products

Abstract:

Many common plastic consumer products contain high concentrations of toxic chemical additives,
such as phthalates. Phthalates are used as plasticizers to make plastics more flexible, economically
durable, and soft. Generally, 15-30% of phthalates are added to base polymers, such as polyethylene
(PVC, vinyl resin), and other widely used polymers. Due to the lack of chemical bonds between
plasticizers and polymers, plasticizers are easily released, contaminating the surrounding
environment or being mistakenly ingested. Phthalates are considered endocrine disruptors, and
exposure to them can cause various physiological effects, including obesity, insulin resistance, kidney
and liver damage, attention-deficit/hyperactivity disorder (ADHD), and other potential impacts on the
child's nervous system.

The Consumer Product Safety Improvement Act (CPSIA) Section 108 permanently prohibits the sale
of any "children's toys or child care items" with concentrations of specific phthalates exceeding 0.1%
(1000 ppm). The Consumer Product Safety Commission (CPSC) has developed standard operating
procedures for measuring phthalates and established FTIR as an optional pre-screening procedure for
determining the total amount of phthalate contamination.

This study applies the Lambdasci FTIR-7600 Fourier Transform Infrared Spectrometer for the rapid
screening of phthalates in plastics (such as PVC). The method is characterized by its simplicity, lack of
sample pretreatment, short analysis detection time, and non-destructive identification, significantly

improving work efficiency and economic benefits.
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Principle

Taking PVC samples as an example, di(2-ethylhexyl) phthalate (DEHP) is the diester of phthalic acid.
The stretching vibration of C=0 is present at 1725 cm-1. Represented by DEHP, it has an aromatic ring
with a substitution at the ortho position, exhibiting a strong absorption band at 741 cm-1. The
stretching vibration of the aromatic ring skeleton has a doublet spectrum at 1600 cm-1 and 1581 cm-
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1. The stretching vibrations of C-O-C are evident at 1267 cm-1 and

1119 cm-1, with the absorption band at 1267 cm-1 being broad and strong, often having roughly
equal intensity to the absorption band at 1725 cm-1.
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The chemical structure of di(2-ethylhexyl) phthalate (DEHP)

Experimental Conditions

1. Instruments and Accessories:
FTIR Fourier Transform Infrared Spectrometer 650; Single Reflection ATR Accessory (Diamond crystal,

45° incident angle).

2. Analysis Conditions:
Resolution: 4 cm; Scanning times: 64; Scanning range: 4000 to 600 cm™.

Test Procedure

Place the following four samples separately on the single reflection ATR for testing.
1. DEHP Overlimit Samples: DEHP 1046 (ppm) and DEHP 1123 (ppm).

transparent plastic
CERP ¢ 1est

blue plastic cord
VEHP 1
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2. Children's Toy Sample: Rubber Duck

Experimental Results

1. DEHP Excessive Samples: DEHP 1046 (ppm) and DEHP 1123 (ppm)
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Chart 1. Infrared Spectrum of DEHP 1046 (ppm)

Tucson AZ GmbH | Berliner Allee 59, 40212 Dusseldorf | Geschaftsfihrer: Weiguang Li
Sitz der Gesellschaft: Disseldorf | Registergericht: Disseldorf, HRB 86671
Umsatzsteuer-ldentifikationsnummer (USt-IdNr.): DE291571893 / Steuernummer: 15/460/00701
Email: info@ts-az.de  www.ts-az.de



N lambda

scientific

<

=, TUOSON AZ

APPLICATION NOTE: FTIR-046

0554
0.580-
045+

040+

(ABS)

Ll

3675, 40

ki
4000

Chart 2. Infrared Spectrum of DEHP 1123 (ppm)
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Experimental Conclusion
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Chart 3. Infrared Spectrum of Children's Toy
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Due to the lower content of the certified component in DEHP 1046 (ppm) compared to DEHP 1123
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(ppm), the absorption peak at 1267 cm-1 is not distinguishable, and the overall infrared absorption

peak is weak. Therefore, it can be concluded that this method can effectively screen for phthalates in
plastic products (such as PVC).

The experiment demonstrates that children's toy products contain plasticizers. Thus, it can be
concluded that this method enables a preliminary and rapid screening for phthalates in plastic

products (such as PVC).
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