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ABSTRACT: Sulfur is a versatile element with various redox states, which makes it a key component in both
geological and biological worlds. Geobiological reactions involving sulfur often lead to isotope fractionation of
its four isotopes, making their relative abundance as a major clue to understand the past and the current sulfur cycle.
With the advent of a high-resolution isotope ratio mass spectrometer (IRMS), analyzing all four isotopes of sulfur
became possible using SFe as a sample gas. However, such method has never been conducted in South Korea due
to its complexity and hazardousness. Here, we show an instant synthesis and analysis of SF using a Curie-point
Pyrolyzer and an IRMS MAT 253 Plus installed in the School of Earth and Environmental Sciences at Seoul National
University. CoF3, which is less hazardous than F», was used as a fluorinating agent. In addition, an automated gas
line for purifying SF¢ was constructed and connected between the pyrolyzer and MAT 253 Plus. While the SF
yield rate is relatively lower than that of the traditional method, our analysis with IAEA standards shows sufficient
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reproducibility (2a) 0f 0.33%o, 0.022%o, and 0.24%. for §**S, A**S, and A*S, respectively. Our results also agree
well with other reported values obtained from similar SF¢ methods within errors, but measuring SF¢ below 1 pmol
generally decreases the accuracy of the results. Overall, our new SF; analysis methodology can allow in-depth
analysis in South Korea not only on the deviations of sulfur isotope ratios from their mass-dependent relationships
by a few permil, but also on subtle variations in the minor sulfur isotope ratios.
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Fig. 1. Schematic diagram of the SF¢ synthesis process and purification line. Simple diagram at the bottom shows
the amount of time required for each purification step. The picture on the right shows the actual SFg line built at
SNU Geomicrobiology Lab. Numbers listed on the picture and the diagram represent the position of each compart-

ments of the purification line.
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Fig. 2. Measurement of §**S, A**S, and A*S for in-house SFs standard gas. Isotope ratios were determined assuming
the IAEA-S1 standard as §**S =-0.3%o, A¥'S =0.094%o, A**S=-0.7%o (Geng et al., 2019). Solid line shows the average
isotope values of SFq samples that are = 1 umol (n=18). Dotted lines show the error range (20) determined from

the respective data.

Table 1. 6*S, A**S, and A*S values of IAEA-S2 standard analyzed in this study (n=14) compared with those

of other SF; studies.

Method  &**S (%o)°

20 A®S (%o)* 20

A*’S (%o)* 20

This study CoF} 22.31

Ueno et al. (2015) CoF; 22.14
Wing and Farquhar (2015) F 22.36
Ono et al. (2006) F, 21.93

0.33 0.040
0.74 0.051
0.16 0.043
0.06 0.044 0.02 -0.13 0.4

0.022 -0.30 0.24
0.012 -0.60 0.2
0.012 0.15 0.4

* Isotope values are scaled based on the VCDT scale.

IF gholl Ftsi(E 1) o 2 FH¥4a 40 A
THo R £YEUSS I 4= 9o} Egh 4
A= SF 34 58 4 CoFs A7t AaaAE
Holz] okt ¢hA] PAIRE AAE SFE 7|Hte &2
St 3 FHYae B S ded e T
Z o|0] =87 gl @A o]-&H= 7 A
33 F9lea EA o, o AP AEAL ®
gk 7| &0]| HirE SF 243 FALS 249 w2
A HolFqitt dgss 23480 g o
% & F99a vlE HIE dsh] Y8l 2 E
= 9= APSQF AYMS 71E20 2 ZFZ} 0.02%02) 0.
2%0 52 Z(Johnston et al., 2008; Warke et al.,
2020), o]#l B49] AL olo] Bk, tigt
IAEA-S29] A™S gk @A 7HA B&3hd ghol ¢l
o} 7} ini} B 1E gro] AR Aol B Wl
1), S FAlolz Sujol7] SAIT CiFs 2 A
PHETHE B3E o Qo] AR s4lo] AllE
)7} £ E T Ono et al., 2006).

O

80

SFg yield rate (%)

IR A

20 H

0 T T T T T T T
400 450 500 550 600 650 700 750 800

Temperature (°C)

Fig. 3. Comparison of SF yield rate with different py-
rofoil temperatures.
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Table 2. §*S, A*¥S, and A*S values of IAEA-S2 standard using 764°C during the fluorination step (n=3) compared

with that of 590°C (n=14).

Temperature (C°) 58 (%o)° 5*S (%o)* §%S (%o)"* A*S (%o)° A**S (%o0)*
764 (n=3) 11.72 22.69 42.69 0.096 -0.82
20 0.94 1.50 2.11 0.172 0.77
590 (n=14) 11.47 2231 42.50 0.040 -0.30
20 0.17 0.33 0.70 0.022 0.24

* [sotope values are scaled based on the VCDT scale assuming the isotope value of IAEA-S1 as §**S =-0.3%o, A™S

= 0.094%o, and A**S = -0.7%o (Geng et al., 2019).
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Fig. 4. Measurement of 6**S, A*S, and A**S for different amount of SFs. Isotope ratios are scaled based on a laboratory
in-house SFg Solid line shows the average isotope values of SF¢ samples that are = 1 umol (n=5). Dotted lines show
the error range (20) determined with the analysis of IAEA-S1 standard.
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Table 3. 6**S, A*3S, and A*S values of IAEA-S1 and S2 standards in this study. Results with SF¢ lower than 1 umol

are excluded from the average values.

Sample Yield SFs §*'s A¥S A*S
(%) (1mol) (%0)° (%0)" (%0)°

TIAEA-S1 26 0.99 7.61 0.051 -0.10
TIAEA-S1 25 1.10 7.25 0.066 -0.41
IAEA-S1 30 1.24 7.63 0.041 -0.33
IAEA-S1 30 1.25 7.63 0.050 -0.30
IAEA-S1 32 1.49 7.57 0.044 -0.28
TIAEA-S1 31 1.32 7.66 0.044 -0.36
TIAEA-S1 28 1.36 7.41 0.056 -0.50
TIAEA-S1 27 1.19 7.57 0.063 -0.24
IAEA-S1 26 1.07 7.41 0.054 -0.07
IAEA-S1 23 1.24 7.30 0.069 -0.22
IAEA-S1 28 1.04 7.12 0.054 -0.24
TIAEA-S1 28 1.08 7.24 0.064 -0.21
TIAEA-S1 28 1.69 7.27 0.070 -0.32
TIAEA-S1 31 1.48 7.17 0.033 -0.33
IAEA-S1 36 1.45 7.38 0.051 -0.48
IAEA-S1 29 1.14 7.41 0.066 -0.34
IAEA-S1 33 1.11 7.57 0.061 -0.11
TIAEA-S1 25 1.14 7.46 0.038 -0.16
TIAEA-S1 19 0.75 7.16 0.070 -0.28
TIAEA-S1 26 0.93 7.64 0.030 -0.07
IAEA-S1 19 0.78 7.16 0.058 0.03
Average (=1 umol n=18) 7.67 0.040 -0.42
20 (=1 pumol n=18) 0.33 0.022 0.24
Sample Yield SFs 63“5b A”sb A“’sb
(%) (mol) (%0) (%0) (%0)

TIAEA-S2 27 1.13 22.27 0.042 -0.47
TIAEA-S2 19 0.95 22.44 0.023 -0.44
IAEA-S2 26 1.19 22.44 0.040 -0.09
IAEA-S2 23 1.03 22.28 0.056 -0.45
IAEA-S2 21 0.98 22.34 0.065 -0.27
TIAEA-S2 26 1.12 22.22 0.034 -0.18
TIAEA-S2 33 1.57 22.18 0.036 -0.33
TIAEA-S2 27 1.06 22.16 0.028 -0.35
IAEA-S2 33 1.34 22.49 0.046 -0.38
IAEA-S2 35 1.45 22.35 0.035 -0.30
TIAEA-S2 35 1.46 22.41 0.032 -0.36
TIAEA-S2 35 1.30 22.31 0.044 -0.20
TIAEA-S2 27 0.95 22.32 0.042 -0.15
TIAEA-S2 20 1.00 22.13 0.036 -0.25
IAEA-S2 19 0.69 22.16 0.035 -0.14
IAEA-S2 16 0.72 22.06 0.033 -0.09
IAEA-S2 21 0.93 22.07 0.039 -0.27
TIAEA-S2 16 0.80 22.07 0.029 -0.23
Average (=1 umol n=14) 22.31 0.040 -0.30
20 (=1 umol n=14) 0.21 0.021 0.22

*Isotope values are scaled based on a laboratory in-house SF.

" Isotope values are scaled based on the VCDT scale assuming the isotope value of IAEA-S1 as 6**S =-0.3%o, A**S
= 0.094%o, and A**S =-0.7%o (Geng et al., 2019).
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