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Measurements of stable carbon isotopic compositions of formic and acetic acids
in aqueous solution by needle trap coupled with GC-IRMS

LEE Xin-qing'*, HUANG Dai-kuan"?, ZHANG Yan-lin"?, JIANG Wei"?,

AN Ning', HU Lu"? and XU Gang'?

1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Stable carbon isotopic compositions (8"C) of formic and acetic acids are important to studies on the
environment, food, pharmacy and the natural products. The analytical technique still remains to be established,
however. Using the newly invented solid phase microextraction (SPME) technology, the needle trap (NeedlEX),
we developed a purge and trap experimental procedure to extract/preconcentrate formic and acetic acids from water
solutions. The extractants were introduced to a GC-IRMS for subsequent isotopic composition measurements. The
signal intensity in the mass detector significantly correlates with the concentration of the analytes ( R* > 0.99, P <
0.05), indicating that the needle trap is stable during the extraction. At 1000 mL purge volume and sample con-
centrations of no less than 300 pg/mL for formic and 200 pg/mL for acetic acids, multi-measurements were
achieved with the relative error of about 3% and 1% for formic and acetic, respectively, and no detectable carbon
isotope fractionation was found through the whole procedure. Below the concentration limits, however, the errors
increase dramatically. The results not only provided solution to the measurement of 6”C in the low molecular weight

carboxylic acids, but also to the study of other organic molecules with similar properties in aqueous solutions.
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1
Table 1 The main reagent, experimental material and instruments
CO; IRMS
GC-IRMS
Fluka 94318-50ML, > 98.00%
Sigma-Aldrich 338826-25ML, 99.99 + %
GC Sigma-Aldrich 345245-100ML, 99.999%
40L, 99.999%
Milipore 18.2 MQ
[9-10]
Tedlar TMC-030, 3 L
Supelco 27213, 40 mL
GC GC Supelco SU860103
/ Supelco 27188U
. 20 pL. 100 pL
GC Fppendort 200 pL 1000 pL 5000 pL
[11 - 14] AP20N Komyo 10 50 100 mL
NeedlEX Shinwa
Teflon Supelco 2 mm
9 9 cm
1000 mL
GC 85-2
Isoprime GC-IRMS Micromass UK Lid.
- - GC-FID HP 6890
GV instruments MassLynxTM Inorganic version 4. Oi
MAT 252

-24.87+0.02 -39.52+0.02
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100 mL 13 min
2 1000 mL 2000 mL
2.1 2.4
1000 pg/ml 4 °C 0.5 mL
1 mL GC
50 pg/mL GC 30 s
100 pg/mL 200 pg/mlL 300 pg/mL 400 wg/mL 5s ‘
500 pg/mlL "
2.2 2.5
NeedlEX 8.5 cm
0.5 mm GC-IRMS GC
HP6890 Restek Bellefonte PA
3 cm Stabilwax-DA 30 m 0.25
1 mm 0.25 pm
Teflon 10 :
5 mL/min
6 R AP20 IS FE
200 °C § % Tediar |
) AR FRELE |
30 min Teflon : , i
N [
2.3
20 mL 40 mL
1 / ;
1 mL 0.5 mL 2 mol/ |
L pH=2 3
Tedlar }
2000 r/min L |
100 mL

1

Fig. |
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Sketch of the needle trap extraction device
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The insert magnifies the details of the needle trap.
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200 °C 2
Table 2 Peak area and 8"C result under various concentration
65 C .
and extraction volumes
1 min
Acetic acid Formic acid Purge
1 2 °C /min 80 C Cor(lcen;ra;ion Signal i Signal o volume
. nesg intensity intensity (mL)
2 15 °C /min 170°C (FA) %o, PDB (FA) %o, PDB
1.5 mL/min 50 21236 -37.56 3550 -27.24 2000
50 16406  -34.91 2249 -4.67 1000
2.6 50 17272 -39.96 8064 ~20.65 2000
50 18042  —41.26 4789 0.77 2000
100 38151  -35.65 12250 -27.90 2000
(0.6 mm ID | 6.35 mm OD | 100 29403 -39.29 11435 —21.40 1000
60 cm) Cu0 Ag 100 41194  -40.09 16154 -22.38 2000
100 32406  -32.67 15573 -16.04 2000
850 C
o o o 200 58121  —40.04 25186 -21.40 2000
2 2 2 200 64667  —38.82 22941 ~23.20 1000
Nafion CO2 200 56508  —40.82 24719  —24.98 1000
200 70240  —41.18 28850 -21.46 1000
CO, 300 65815  —40.21 30549 -22.73 2000
300 127705  -39.13 49585 -25.34 1000
300 102180  -40.08 48106 ~23.04 1000
open split interface 300 110882  —-39.79 49413  —24.54 1000
8C 400 114068  -41.03 63851 -25.35 1000
8°C = ( Rumpte/ Ruwntud — 1) x 1000%o0 400 119013 -40.31 49703 -25.15 1000
400 117320  -40.83 66447 -26.70 1000
Raunple Riandara Pee Dee
) B, 500 123751  -38.73 57041 ~24.32 2000
Belemnite (PDB) ¢/ 500 139552 -39.86 68605 ~23.48 1000
500 178345  -40.08 101537 -25.26 1000
3 500 153737 -39.75 73873 -23.98 1000
2 .
, .
Bk
2 3e+6
3e+6 i
0.99 <
= 2e+b
99% bz
NeedlEX b Zet+b
= 500
le+6
400 &
Q&
5a45 00 &
13 200 ;ﬁt—%
- 14 ¥
15 100 {&
- 16
iy (min) 17
1000 mL {2 GC-IRMS JZY R 2 19 50 ~ 500 pg/mL #EERMF F Y
R il 2 8 (i
|"1';.'. 2 Chromatograms of formic and acetic acids measured }'_\ the mass detector of

GC-IRMS at concentration series of 50 ~ 500 pg/mL

2000 mL
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2 0. 7%o 100 pg/mL
F
0. 381 P 0.544 >0.05 200 pg/mL
F 0. 025 P 0.876>0.05 -40.04 +£0. 60
0. 5%o0 t 95%
1000 50 pg/mL
mL
2000 mL
1000 mL 1000
mL
1 4
200 pwg/mL 50 pg/mL
3 50 wg/mL 100 pg/mL 7.5% 102% 300 pg/mL
4 -12.95+13. 17 %o, 5.2% 3.0%
lo, -21.93+4.86 200 wg/mlL 10% 200 pg/mL
300 pg/mL 1. 0%
-24.17+1.25
10
® L
0 F s 10%
~ 10 | 200
é pg/mL
§ 20 | % 100 pg/mL
L - — i cep el 25 x
30 F 10° TIC FA
40 AJ——?_-'~ Y 1 BIP 10%
Y IR R S R T 200
0 50 100 150 200 250 300 350 400 450 500 550  pg/mL 300
FE MMM (pg/mL) g/ mL
Pl 3 AR E AR A HUE BT 3 HUA 1 G Fn 2 i
GC-IRMS fit i [] i 5 73 & SR
Fig. 3 Analytic results of carbon isotope composition of formic and acetic acids
extracted by the needle trap from aqueous solutions at different concentrations 2.5% 1.2%
MAT 252 5.2%
GC-IRMS 3.0%
+0. 5%

The line connected circles and dots represent the isotopic ratios of formic and acetic acids
measured by the GC-IRMS after the extraction. The dash line and dash-dot-dot line indicate
the isotopic composition of the formic and acetic acids standard measured by the dual inlet
MAT 252 Mass Spectrometer. The horizontal bars correspond to the instrument specifications

of error +0. 5%0 usually reported by the IRMS manufacturer.
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Fig. 4 The relative standard deviation of the measurements by GC-IRMS
of formic and acetic acids at different concentrations
Pl b g R 2 10% (VA0 3 b o R 25
The dashed line indicates the 10% RSD.
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