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Abstract: Background, aim, and scope High precision measurement of organic carbon stable isotope
(6"C) is the basis for its application in the reconstruction of past changes in climate and vegetation
types. It has been observed that the measurement error of 5"°C for samples with low organic carbon
content was relatively large, partly due to the problem in the CO, collecting process. To solve this
problem, the effect of CO, gas collecting process on the 6"°C of organic carbon was investigated from
three aspects: impurity gas on the process of CO, freezing, freezing CO, and H,O by one step and
freezing CO, and H,O step by step, and the effect of collection tubes with different volumes. Materials
and methods The national standard material (GBW04407) and different types of natural samples were
analyzed using sealed tube method to study the effect of CO, gas collecting process on the 5"°C of
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organic carbon. The natural samples were treated with 2 mol-L™' HCI for 24 h at room temperature to
remove carbonates and acid soluble organic material. The treated samples were washed with distilled
water and dried at 40°C , and then were combusted for at least 2.5 h at 850°C in an evacuated and sealed
quartz tube in the presence of Cu oxide, Cu wire and Pt wire. The CO, was then purified and isolated
by cryogenic distillation for C isotope analysis. To investigate the effect of CO, gas collecting process
on the §"°C of organic carbon, the air pressure in the vacuum line was artificially adjusted within the
range of 0.05 mbar to 15.7 mbar; two CO, freezing methods were used, freezing CO, and H,O by one
step and freezing CO, and H,O step by step; and two kinds of collection tubes with different volumes
were used. Results The results showed that: (1) in the CO, gas collection process, the 4" °C values of
standard material (GBW04407) were —22.61%o, —23.38%0 and —25.14%o0 when the pressure ratio of air to
CO, gas were 0.007, 0.48 and 2.96. The ¢"°C values of soil sample (T-1) were —24.70%o, —25.01%o and
—25.15%0 when the pressure ratio of air to CO, gas were 0.004, 0.17 and 0.5. The results both showed a
trend that the higher concentration of impurity gas, the lower 5" °C value of sample. When the impurity
gas and CO, pressure ratio is larger than 0.2, the deviations of ¢"°C values of GBW04407 and T-1 were
greater than 0.2%o. (2) When the ratio of impurity gas to CO, ranges from 0 to 0.008, the "°C values of
GBW04407 obtained by the two freezing methods were very close, both within the error range; when
the ratio of impurity gas to CO, was 0.5, the 5"”°C value of GBW04407 obtained by the first freezing
method (freezing CO, and H,O by one step) was 0.9%o negative than the standard value, while the result
by the second method (freezing CO, and H,O step by step) was 0.17%o negative than the standard value;
when the ratio of impurity gas to CO, was 3, the 6"°C value of GBW04407 obtained by the first freezing
method was 2.71%o negative than the standard value, while the result by the second method was only 0.47%o
negative than the standard value. (3) A surface soil sample SN-2 were weighed 5 mg, 10 mg, 15 mg, 20 mg
and 40 mg, the ion current intensity of m/z 44 produced by these samples were 0.8 V, 1.5V, 2.2V, 2.8V,
and 5.2 'V, respectively by using a small volume of sample collection tube. Those were significantly higher
than values obtained by using a large volume of sample collection tube, which are 0.4 V, 0.9V, 1.4V, 2.0V,
and 4.2 V, respectively. Discussion In experiments, we noted that the higher the content of impurity gases
in the vacuum line, the lower the ion current intensity and the 5"°C values of CO, gas. This suggests that
the negative trend of 6"°C values of CO, with increasing content of impurity gases in vacuum line is
not due to the 6"°C values of impurity gas (air) itself, but because the CO, gas is not completely frozen.
The method of freezing CO, and H,O step by step can decrease the fractionation of carbon isotope than
freezing CO, and H,O by one step. Probably because with larger surface area of trap B, more CO, can
be frozen there by liquid nitrogen. Therefore, this method decreases the fractionation of carbon isotope
due to incomplete CO, freezing. The ion current intensity of m/z 44 of samples increased 100% —24%,
58% averagely by using small volume collection. This is because the CO, gas pressure is relatively high
in small volume collection tube, so more CO, gas can balance into the mass spectrometer to enhance the
ion current intensity of m/z 44 of sample, furthermore, enhancing ion current intensity of m/z 44 can
improve the accuracy of isotope measurement. Conclusions (1) The purification and collection of CO,
gas is an important step in the preparation of testing samples organic carbon stable isotope. The higher
the concentrations of impurity gas in the sample, the greater the impact on the 6"°C of sample; (2) with
same impurity gas background, freezing CO, and H,O step by step can significantly reduce the influence
of impurity gas on 6"°C of samples; (3) using collection tubes with small volume could significantly
enhance the ion current intensity of CO,, and therefore can improve the accuracy of " °C measurements
for samples with low organic carbon contents. Recommendations and perspectives The results provide
a significant improvement for reducing errors of 6"°C measurements with low organic carbon contents. It

is recommended that appropriate freezing method and sample collection tube can improve the accuracy
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and precision of ¢ "C measurement.
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