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Industrial acrylic polymers are often synthesized with various 

comonomers to realize desired functions and physical properties. Since 

physical properties are affected by not only the average comonomer 

composition but also its distribution, molecular characterization of 

polymers is important from the viewpoint of controlling physical properties.

In this study, we investigated an ethyl acrylate (EA)-butyl acrylate (BA) 

copolymer by thermal desorption/pyrolysis  (TDP) /DART-MS which can 

rapidly detect both thermally desorbed intact oligomers and oligomeric 

pyrolysis products of polymers. The observed results were compared 

with those by pyrolysis (Py-)GC/MS and MALDI-MS.

Introduction

Experimental

Results and Discussions

Kendrick Mass Defect(KMD) analysis software : “Spectra Scope (BioChromato)”

Sample: EA-BA copolymer
- produced through random-copolymerization

- the feed monomer ratio of EA:BA = ca. 1:1

Analytical methods: 

TDP/DART-MS can individually provide mass spectral information of volatile low molecular weight compounds 

and oligomeric pyrolysis products of higher polymeric compounds evolved during the heating process.

The observed distributions suggest that the EA-BA copolymer should be a random copolymer having a monomer 

composition estimated as EA:BA = ca. 1:1. And, it was confirmed that these results were supported by Py-GC/MS 

and SEC-MALDI-MS. The distributions of oligomeric products up to 8-mer observed by TDP/DART-MS were more 

informative than those by Py-GC/MS. Thus, TDP/DART-MS can be a useful analytical technique to characterize 

polymers together with Py-GC/MS and MALDI-MS complementarily.
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Pyrolyzer : PY-2020iD (Frontier Lab)

GC/MS :  6890NGC/ 5973MSD (Agilent)

TDP/DART-MS

DART®

MS
(Q-tof)

TDP device

TDP device : ionRocket (BioChromato)

Ion source : DART®-SVP (IonSense)

MS Spectrometer : compact（Bruker）

MALDI-MS

LASER

MALDI-TOFMS : JMS-S3000 SpiralTOF（JEOL）

Pyrolyzer:  600 ℃ (shingle shot method)

Carrier gas:   He, 150 ml/min

Injection:   Split 100 : 1 (1.5 ml/min at the column), 320 ℃
Column:   Frontier Lab UA-5 (30 m x 0.25 mm id, 0.25 µm)

Oven:   40 ℃ (2 min) – (20 ℃/min) – 320 ℃ (13 min), Total 29 min

Detector:  Electron ionization (EI)

Quadrupole, scan range m/z 29 - 600

Sample:  ca. 0.2 mg

TDP device:  RT (1 min) – (100 ℃/min) – 600 ℃, Total 7 min

Detector:       DART Ionization (Ionization gas: He, 400 ℃)

Q-TOF, Mass range m/z 50 - 2000

Sample:        ca. 0.2 mg

Matrix: THAP

Ionization accelerator:  NaTFA

Solvent:   THF

Dimer Trimer

Fig.4 KMD plot of mass spectrum of Fig.3(b) with base unit EA (C5H8O2)

Fig.1 SEC chromatogram of an EA-BA copolymer

Fraction for MALDI

Mw < 2000

Mw = 5.87×105

Mw / Mn = 2.19

DART I 400 POS_EA-BA_000002.d: +MS, 3.4-4.0min #201-233, Background Subtracted, Background Subtracted
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DART I 400 POS_EA-BA_000002.d: EIC 518.2980±0.01 +All MS

2

DART I 400 POS_EA-BA_000002.d: EIC 546.3282±0.01 +All MS

3

DART I 400 POS_EA-BA_000002.d: EIC 574.3595±0.01 +All MS

4
DART I 400 POS_EA-BA_000002.d: EIC 602.3910±0.01 +All MS

5

DART I 400 POS_EA-BA_000002.d: EIC 630.4219±0.01 +All MS

7

DART I 400 POS_EA-BA_000002.d: EIC 658.4502±0.01 +All MS
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m/z
Chemical 
formula *

Error 
(mDa)

Comonomer ratio
EA/BA

Relative peak 
area

518.2980 C25H44NO10 2.1 5 / 0 2.9

546.3282 C27H48NO10 -1.0 4 / 1 16.1

574.3595 C29H52NO10 -0.9 3 / 2 31.5

602.3910 C31H56NO10 -1.1 2 / 3 31.7

630.4219 C33H60NO10 0.8 1 / 4 14.8

658.4501 C35H64NO10 2.3 0 / 5 3.0
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K
M

D

Fig.2 TIC of EA-BA copolymer using TDP/DART(+)-MS

Fig.3 TDP/DART(+) mass spectra of at (a)250-300 ℃, (b)350-400 ℃ and (c)500-550 ℃
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Fig.5 EIC of EA-BA copolymer using TDP/DART(+)-MS

EIC: m/z 518.29±0.01 (EA/BA=5/0)

EIC: m/z 546.32±0.01 (EA/BA=4/1)

EIC: m/z 574.35±0.01 (EA/BA=3/2)

EIC: m/z 602.39±0.01 (EA/BA=2/3)

EIC: m/z 630.42±0.01 (EA/BA=1/4)

EIC: m/z 658.45±0.01 (EA/BA=0/5)

Table 1 Relative  peak area among 5-mers

TDP/DART mass spectrum of the copolymer observed at 
around 350 °C (b) were informatively interpreted using the 

KMD1) plot (Fig. 4). The plot showed a parallelogram-like dot 

distribution, which is the typical pattern of random 

copolymers. The plot revealed that the largest oligomer 

detected in this region was 8-mer composed of EA/BA = 4/4. 

TDP/DART-MS can show evolution profiles of volatilized compounds and/or pyrolysis products during the heating process (Fig. 2). 

In the lower temperature (Fig. 3(a)), the observed compounds were mainly low molecular weight components.

In the middle temperature (Fig. 3(b)), several series of thermal desorbed oligomers (up to m/z 1800) were observed.

In the higher temperature (Fig. 3(c)), the observed compounds were mainly low molecular weight pyrolysis products of higher molecular 

weight components.

Py-GC/MS

SEC-MALDI

Conclusion

1) H.Sato, S.Nakamura, K.Teramoto, T.Sato; JASMS, 2014, 25(8), 1346-1355

2) S.Tsuge, H.Ohtani, and C.Watanabe; Pyrolysis-GC/MS Data Book of 

Synthetic Polymers, Elsevier (2011) p. 90-93

EA

BA

2/0

1/1

0/2 3/0

0/3

2/1

1/2

Fig. 7  Pyrogram of EA-BA copolymer using Py-GC/MS 2)

* (EA/BA)

The largest pyrolysis products were trimers. The relative 

peak intensities among the trimers correspond to a random 

distribution with EA/BA = 46/54 (Table 2, Fig. 8), which is 

close to the feed monomer ratio. 

Retention time
Comonomer ratio

EA/BA

Relative peak

intensity

12.54 3 / 0 8.7

13.47 ~ 13.55 2 / 1 35.0

14.36 ~ 14.44 1 / 2 40.9

15.21 0 / 3 15.4

Table 2 Relative peak intensity among trimers

Intact oligomers of this sample were observed using SEC fractionation. The KMD plot showed a 

parallelogram-like dot distribution, which is the typical pattern of random copolymers (Fig. 10). 

Compositional distribution showed normal distribution with the maximum around EA/BA = 4/4 (Fig. 9 and 

Table 3). From compositional distributions of intact oligomers estimated, it was estimated that this fraction

was composed of random oligomers with EA/BA = 46/54 (Fig. 11), also close to the feed monomer ratio. 

m/z
Chemical 
formula *

Error 
(mDa)

Comonomer ratio
EA/BA

Relative peak 
intensity

8 / 0 N.D.

851.4397 C40H64NaO16 -0.2 7 / 1 0.7

879.4675 C42H68NaO16 -3.7 6 / 2 5.3

907.5049 C44H72NaO16 2.4 5 / 3 18.8

935.5313 C46H76NaO16 -2.5 4 / 4 31.6

963.5620 C48H80NaO16 -3.1 3 / 5 28.4

991.6001 C50H84NaO16 3.7 2 / 6 12.6

1019.6284 C52H88NaO16 0.7 1 / 7 2.6

0 / 8 N.D.

Table 3 Relative peak intensity among 8-mers

Fig. 9  SEC-MALDI mass spectrum of EA-BA copolymer (fraction: 19.5–20.5 min) 
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Fig.10 KMD plot of mass spectrum of Fig.9 with base unit EA (C5H8O2)
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Fig.6 Curve fitting of relative peak area for 5-mer between 

observed and theoretical.
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Fig.8 Curve fitting of relative peak intensity for trimer between 

observed and theoretical.
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Fig.11 Curve fitting of relative peak intensity for 8-mer between 

observed and theoretical.
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𝐹𝑖𝑡𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝛴 𝑅𝐼𝑛(𝑚𝑒𝑎.) − 𝑅𝐼𝑛(𝑐𝑎𝑙.)
2

0 ≤ 𝑛 ≤ 3
𝑅𝐼 : Rⅇlativⅇ pⅇak arⅇa

Fitting factor * = 1.3
𝐹𝑖𝑡𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝛴 𝑅𝐼𝑛(𝑚𝑒𝑎.) − 𝑅𝐼𝑛(𝑐𝑎𝑙.)

2

0 ≤ 𝑛 ≤ 8
𝑅𝐼 : Rⅇlativⅇ pⅇak intⅇnsity

𝐹𝑖𝑡𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝛴 𝑅𝐼𝑛(𝑚𝑒𝑎.) − 𝑅𝐼𝑛(𝑐𝑎𝑙.)
2

0 ≤ 𝑛 ≤ 3
𝑅𝐼 : Rⅇlativⅇ pⅇak intⅇnsity

Compositional distribution of 5-mer showed normal distribution with the maximum around EA/BA = 3/2 and 2/3 (Fig.5 and Table 1).

This result suggest that this sample should be a random copolymer having a monomer composition estimated as EA/BA = 50/50 (Fig. 6). 
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