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1. Experimental Section
1.1 Materials

Fumaric acid (99%), acrylic acid (98%), NaOH (96%),and CuO (99 %) were
purchased from Sinopharm Chemical Reagent (Shanghai, China). Malicacid (99%)

was purchased from Wako Pure Chemicals Industries Co., Ltd. (Tokyo, Japan).

1.2 Experimental procedure

All experiments were conducted in a tubular reactor made of a SUS-316 stainless
steel tube (3/8 inch, 1 mm wall thickness and 120 mm long) with two end fittings,
providing an inner volume of 5.7 mL. A typical experimental procedure is as follows:
a desired amount of fumaric acid, CuO and 2 mL deionized water were loaded into
the tubular reactor, with a water filling of approximately 35%. Then, the reactor was
purged with nitrogen gas to replace the remained air. Subsequently, the reactor was
sealed and immersed into a salt bath that had been preheated to the desired reaction
temperature. During the reaction, the reactor was shaken automatically to improve
mass transfer. After the desired reaction time, the reactor was removed from the salt
bath and immediately cooled with cold water to room temperature. Details of this
method are described in our previous reports.(Jin et al., 2007; Jin et al., 2005; Shen et
al., 2011) The reaction time was defined as the time that the reactor was kept in the
salt bath. All experiments were performed at 300 °Cbecause it was the optimum

reaction temperature according to our previous research. (Jin and Enomoto, 2011)



1.3 Product analysis

After the reaction, liquid samples were collected, diluted and analyzed using a
high-performance liquid chromatography (HPLC, Agilent 1200, Agilent Technologies
Co., Ltd., USA) equipped with two RspakKC-811 (SHODEX) columns, a tunable
absorbance detector (UV/vis detector) and a differential refractometer (RI detector). A
gas chromatography (GC-FID, Agilent 6890N, Agilent Technologies Co., Ltd., USA)
equipped with an HP-INNOWAX capillary column (30 m % 0.53 mm ID) was also
used for the liquid sample analysis. The temperature program of the GC system was
initially set at 50 °C for 2 min and was increased at a rate of 7 °C/min to 230 °C, and
held for 5 min.Peak identification was accomplished by comparison of sample peak
retention times with those of standard solutions of pure compounds. Quantitative
estimation of carboxylic acids reported in this study were based on the average value
of the analytical results of at least three samples with the relative errors always less
than 5% for all experiments.

Aqueous products were also prepared for total organic carbon (TOC) analysis.
For TOC analysis, the aqueous phase after reaction was filtered through a 0.22 pm
syringe filter then diluted with water. TOC was measured by a Shimadzu total organic
carbonanalyzer (model TOC-VCSH, Shimadzu, Corp. Japan). The TC standard was
prepared byreagent grade potassium hydrogen phthalate, the IC standard was prepared
by reagent grade sodium bicarbonate and sodium carbonate.
Gas samples were analyzed by a Hewlett-Packard model 5890 Seriesll Plus gas

chromatograph (GC-TCD, Agilent Technologies Co., Ltd., USA). Solid samples were



examined by a Bruker D8 Advance X-ray Diffractometer (XRD, Bruker Co., Ltd.,

Germany).

1.4 Definition
In this study, the product yield and the TOC yield (total organic carbon yield) are

calculated using the following equations:

mole of product

Product yield = 100% (1)

mole of feedstock

total carbon weight of organic products in aqueous solution

TOC yield = 100%(2)

cabon weight of feedstock
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Figure S1. Yields of acrylic acid obtained with different additives (reaction
conditions: 1.0 mmol of fumaric acid, 2.5 mmol of CuO or Cu20, 2 mL of H20,
300 °C, 60 s).
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Figure S2. HPLC-RID chromatogram (A) and GC-FID chromatogram (B) of aqueous
products after the reaction (1.0 mmol of fumaric acid, 3.2 mmol of CuO, 2 mL of

H20, 300 °C, 120 s).
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Figure S3. XRD pattern of the solid product after the reaction of fumaric acid with
CuO(reaction conditions: 1.0 mmol of fumaric acid, 3.2 mmol of CuO, 2 mL of H20,
300 °C, 120 s).
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Figure S4. TOC yield of carboxylic acids after the reaction of fumaric acid with
different amount of CuO (reaction conditions: 1.0 mmol of fumaric acid, 3.2 mmol of

CuO, 2 mL of H20, 300 °C, 120 s).
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Figure S5. Acrylic decomposition with CuO at different time (1.0 mmol of acrylic
acid, 0.6 mmol of CuO, 2 mL of H20, 300 °C).
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Figure S6. Aqueous products obtained after the reaction of malic with CuO at
different time (1.0 mmol of malic acid, 0.6 mmol of CuO, 2 mL of H20, 300 °C).
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