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Determination of the Weight Average Degree of Polymerization of oxyethylene monomer by NMR

Kota KUZUOKA*, Toshinori ANDO* and Kazuyoshi KOSONE*
*Central Customs Laboratory, Ministry of Finance, 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Polymer is classified according to an average polymerization degree under heading 38.24 or 39.01~39.11. Therefore, it is

important to accurately measure average polymerization degree for correct classification. We calculate the average

polymerization degree of poly(oxyethylene) derivative by NMR. The measurement values obtained using the'H-NMR and

BC-NMR methods agreed with the standard value provided by the producer. Consideration of the pulse delay times

improves the result of the *C-NMR method. It was confirmed that Trimethylsilyl (TMS) derivatization is an effective

method to calculate average polymerization degree.
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Fig. 1 (a) '"H-NMR and (b) *C-NMR spectra of Polyethylene Glycol
Mono-4-nonylphenyl Ether
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Table 1 Weight Average Degree of Polymerization of Polyethylene Glycol —— 1
Mono-4-nonylphenyl Ether by NMR method )L
n=2.1 n=5.3 A A )
] B iR B \MR ' ! ' ' j '
NME C-NMER C-NMR 5 4 3 5 1 0
1 2.0 ppm
2 2.1 2.1 53
3 2.1
average 2.1 2.1 5.3 (b)
Table 2 Weight Average Degree of Polymerization of Polyethylene Glycol
Monostearate by NMR method
n=2.0 n=4.2 n=10.5
"H-NMR | “C-NMR || 'H-NMR | ®C-NMR | 'H-NMR | “C-NMR 2 1
1 2.0 3.8 9.8 —
2 1.9 1.8 3.8 3.5 9.8 9.1
3 1.9 3.7 9.7 | Ul l
average 1.9 1.8 3.8 3.5 9.8 9.1
170 150 130 110 90 70 50 30 10
ppm

Fig.2 (a) '"H-NMR and (b) *C-NMR spectra of Polyethylene Glycol
Monostearate
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Table 3 Weight Average Degree of Polymerization of (a) Polyethylene Glycol
Mono-4-nonylphenyl Ether and (b) Polyethylene Glycol Monostearate by
13C-NMR method changed repetition delay

(a) Polyethylene Glycol Mono-4-nonylphenyl Ether

repetition delay | n=15.5
10 16.9
60 15.1

(b) Polycthylene Glycol Monostcaratce

repetition delay | n=10.5
10 9.1
60 10.3
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Fig.3 (a) '"H-NMR spectra of TMS derivatization Polyethylene Glycol
Mono-4-nonylphenyl Ether

Table 4 Weight Average Degree of Polymerization of TMS derivatization
Polyethylene Glycol Mono-4-nonylphenyl Ether by 1H-NMR method

n=2.1 n=5.3 n=15.5
1 2.1 5.1 15.3
2 2.1 5.2 15.5
3 22 5.1 15.1
average 2.1 5.1 15.3
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