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Abstract The thermal decomposition behavior of caffeic acid was investigated using the ther-

mogravimetry-single drop microextraction-gas chromatography-mass spectrometry TG-SDME-
GC-MS and Fourier transform infrared spectroscopy. The heating rate and the air flow rate
were set at 5 C/min and 400 mL/min respectively. The evolved components of caffeic acid
from thermogravimetry were extracted with ethanol by single drop microextraction in the tem-
perature range of 160 —360 ‘C. Then the extract was separated and analyzed by GC-MS. Thus

the dynamic changes of the relative contents of 5 main pyrolysis products with the increase of
temperature were identified and monitored. The alterations of functional groups of the solid
residues at each weight-lose-point were analyzed by Fourier transform infrared spectroscopy.
The results showed that the main reason for the weight loss of caffeic acid can be concluded to
the generation of mass pyrocatechol at 240 - 360 C and 4-ethylcatechol at 200 — 220 C. The
molecular structure of caffeic acid was completely decomposed at 230 C. This method provides
a significant approach for the investigation of the thermal decomposition behavior of material

with the continuous rising of temperature.
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Fig. 3 Thermogravimetric TG derivative thermo-
gravimetric DTG differential thermal
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Fig. 4 Total ion current chromatograms of the evolved
species in different temperature ranges

1. pyrocatechol 2. 4-methylpyrocatechol 3. 4-ethylcate-

chol 4. 6-methylsalicylaldehyde 5. 4-isopropyl benzoic acid.

TG-SDME-GC-MS 5

1 RSD
4. 1%
1 n=5

Table 1 Relative contents and repeatabilities of the
pyrolysis products of caffeic acid n =5

tg/ Temperature Relative RSD/
Compound

min range/ C content/% %
26.46 pyrocatechol 240 -260 76.9 1.9
27.51 4-methylpyrocatechol 300 - 320 5.3 4.1
29.25 4-ethylcatechol 200 -220 71.1 2.2
35.56 6-methylsalicylaldehyde 180 - 200 54.1 2.7
37.58 4-isopropyl benzoic acid 240 -260 11.1 3.4

2.4
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Table 2 Functional group analysis of caffeic acid by Fourier transform infrared spectroscopy at 25 °C
Wavenumber/cm ~' State * Main attribute Functional group
3000 -2500 M O-H stretching vibration -COOH
~ 1645 S C=0 stretching vibration
~ 1620 S C=C stretching vibration Ar-C=C-
980 - 965 M =C-H out-plane bending vibration
3125 -3030 M-w benzene ring =C-H stretching vibration
1600 - 1450 S benzene ring C=C stretching vibration
900 - 665 M benzene ring =C-H out-plane bending vibration
3500 -3200 S O-H stretching vibration
1410 - 1310 S O-H bending vibration

1230 - 1140 M C-OH stretching vibration
% S strong M middle W weak.
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Fig. 5 Structure of caffeic acid dimer
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Fig. 7 Pyrolysis mechanism of caffeic acid
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