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Qualitative and quantitative analysis of organic acid by GC-MS with Chloroformate Derivatization
(first report)

BANDO Kentaro*, MATSUOKA Natsumi* and ISOBA Atsuko*
*Hakodate Customs Laboratory, Bibi, Chitose, Hokkaido, 066-0012 Japan

Derivatization of organic acids by chloroformate was performed, then a qualitative and quantitative analysis was carried out
using gas-chromatography-mass spectrometry. Since this reaction occurs directly in water, overall processing time for the samples
can be significantly reduced. This research suggests that organic acids can be qualitatively analyzed in short time by derivatization
in water at room temperature. Regarding quantitative analysis, linearity and relative standard deviation of the calibration curve
were inconclusive. Further consideration of reaction and extraction conditions are needed in order to improve accuracy of

quantitative analysis.
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Table 1 Derivatization reagents and alcohols in each derivatization operation.

Derivatization reagent Addition amount(pL) Alcohol
ethylchloroformate 100 Ethanol
propylchloroformate 300 n-Propanol
isobuthylchloroformate 500 2-Methyl-1-propanol 10%aq
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Table2 Combination of solvents and additivesin the extraction operation.

Extract Operation Solvent Addition agent
EO1 Hexan NaHCOsaq 2mL (Saturated)
EO 2 Chloroform NaHCOsaq 2mL (Saturated)
EO 3 Diethylether NaHCOsaq 2mL (Saturated)
EO 4 Hexan NaCl 1g
EO5 Hexan NaCllg+NaHCO3aq 2mL(Saturated)
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Table 3 Reproducibility of each extraction condition.

RSD of Peak Area Ratio (n=3)
Organic acid EO1 EO 4 EO5
Acetic acid 19.1% 19.7% 2.1%
Lactic acid 10.0% 14.3% 2.5%
Succinic acid 25.7% 27.0% 14.2%
Malic acid 30.7% 50.8% 2.5%
Citric acid 15.2% 23.0% 16.3%
Tartaric acid 2.8% 49.0% 4.7%
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Table 4 Reproducibility of each concentration solution.

1) WEEESE, A0S (o &
2) EEEEE, gk EIE, So)I

SNy R7 w7, P240 (2000) (FEF4h)
Bk, T FEE, ROR

RSD of Peak Area Ratio (n=3)

Organic acid |10 pg/ml|20 pg/ml| 40 ug/ml |60 ug/ml |80 ug/ml {100 pug/ml
Acetic acid 2.43%| 3.59% 1.24%|  4.66%| 3.23%| 3.09%
Lactic acid 13.73%|  2.41%|  3.60% 1.43%| 4.36%| 1.78%

Succinic acid 5.10%| 7.47%| 9.24%| 6.60%| 6.05%| 3.07%
Malic acid 1.12%|  6.00%|  8.34%| 2.49%| 2.68%| 1.16%
Citric acid 9.20%| 7.94%| 6.98%|  7.49%| 10.00%| 10.65%
Tartaric acid 25.36%| 3.14%| 2.52%| 6.61%| 9.05%| 10.12%

X #
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3) Takeshi Furuhashi, Genki Ishihara 7~ L > b - 77 7 v ¥ —#ER it  TAEMY V7 VR Z V2 GCIMS 12 X AW fLE#EME T o

EBNENGE D 45HT) (2018) |, <https://www.chem-agilent.com/appnote/pdf/low_5991-9103JAJP.pdf>, (2022 4 10 A 14 HR'E)

4) Y.Qiu, M.Su, Y.Liu, M.Chen, J. Gu, J.Zhang, W.Jia : Analytica Chimica Acta, 583, 277 (2007)

5) X.Zheng, Y.Qiu, W.Zhong, S.Baxter, M.Su, Q.Li, G.Xie, B.M.Ore, S.Qiao, M.D.Spencer, S.H.Zeisel, Z.Zhou, A.Zhao, W.Jia :Metabolomics. 2013

Aug 1;9(4):818 (2013)

6) WHAERE, S, BRLthiL, KITHEZE : Res. Org. Geochem. 25, 71 (2009)
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Fig.1-1 Mass spectrum of lactic acid as an ethyl ester and ethoxy carbonyl derivative

Fig.1-2 Mass spectrum of succinic acid as an ethyl ester derivative
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Fig.1-3 Mass spectrum of malic acid as an ethyl ester and ethoxy carbony! derivative
3 (+H) means proton addition after desorption.

Fig.1-4 Mass spectrum of tartaric acid as an ethyl ester and ethoxy carbonyl derivative

Fig.1-5 Mass spectrum of citric acid as an ethyl ester and ethoxy carbonyl derivative
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Fig.2-1 Mass spectrum of acetic acid as a propy| ester derivative

3 (+H) means proton addition after desorption.

Fig.2-2 Mass spectrum of lactic acid as a propyl ester and propoxy carbony! derivative

Fig.2-3 Mass spectrum of succinic acid as a propy| ester derivative
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Fig.2-4 Mass spectrum of malic acid as a propy| ester and propoxy carbonyl derivative

% (+H) means proton addition after desorption.

Fig.2-5 Mass spectrum of tartaric acid as a propyl ester and propoxy carbonyl derivative

Fig.2-6 Mass spectrum of citric acid as a propyl ester derivative
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Fig.2-7 Mass spectrum of citric acid as a propyl ester and propoxy carbony! derivative

% (+H) means proton addition after desorption.

Fig.3-1 Mass spectrum of acetic acid as an isobutyl ester derivative

Fig.3-2 Mass spectrum of lactic acid as an isobutyl ester and isobutoxy carbonyl derivative
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Fig.3-3 Mass spectrum of succinic acid as an isobutyl ester derivative

3 (+H) means proton addition after desorption.

Fig.3-4 Mass spectrum of malic acid as an isobutyl ester and isobutoxy carbonyl derivative

Fig.3-5 Mass spectrum of tartaric acid as an isobutyl ester and isobutoxy carbonyl derivative
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Fig.3-6 Mass spectrum of citric acid as an isobuty! ester derivative
% (+H) means proton addition after desorption.

Fig.4-1 Mass spectrum of 3-methylvaleric acid as a propyl ester derivative

Fig.4-2 Mass spectrum of benzoic acid as a propy! ester derivative
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Fig.5-1 Mass spectrum of 3-Methylvaleric acid as an isobuty! ester derivative

3 (+H) means proton addition after desorption.

Fig.5-2 Mass spectrum of benzoic acid as an isobutyl ester derivative

% (+H) means proton addition after desorption.
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Fig.6-1 Total ion chromatogram of organic acid derivatives by propyl chloroformate.
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Fig.6-2 Total ion chromatogram of organic acid derivatives by isobutyl chloroformate.
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Fig.7 Calibration curve of each organic acid derivative by isobutyl chloroformate.
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Fig.8 Correlation between peak area ratio and reaction time.
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Fig.9 Correlation between peak area ratio and amount of derivatization reagent.

53



	GC-MSを用いた水溶液中有機酸等の
	クロロぎ酸エステル誘導体化による定性・定量分析（第1報）

