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Isotope analysis of carbon and sulfur in solid materials using
continuous-flow isotope ratio mass spectrometer:
Improvements for high-precision analysis

Teruyuki MARUOKA *
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1-1-1 Tennodai, Tsukuba City, Ibaraki 305-8572, Japan

Continuous flow isotope ratio mass spectrometry (CF-IRMS) has significant advantages

over the classic off-line methods in terms of high sensitivity and short analytical time. These ad-
vantages play an important role in expansion of its application to many scientific fields. How-
ever, the precision for isotope analysis by CF-IRMS has been believed to be lower than that of
the off-line methods. In this study, a detailed evaluation of the performance of CF-IRMS for car-
bon and sulfur isotope analysis for solid materials is reported. High-precision, similar to the off-
line methods (within +0.1%), was achieved for carbon isotope analyses after the following im-
provements:

(D
2

3)

stabilization of room temperature (within =0.1°C in 10 minutes).

minimization of the non-linearity effect (i.e., pressure effect for instrumental isotopic frac-
tionation) by the adjustment to a proper ion-repeller voltage.

reduction of background gas by using pre-heated tin capsules and high-grade helium and
oxygen.

In addition to the improvements mentioned above, high-precision isotope analyses (within £ 0.1
%o) of sulfur in solid materials require the following improvements:

(D

2
3

4)

stabilization of reference gas pressure by installing a centrifuge fan to properly exhaust the
reference gas.

equilibrium of oxygen isotopes using a tube filled with quartz wool.

minimization of a memory effect by using polytetrafluoroethylene (PTFE) tubes and a
PTFE gas-chromatography column.

use of V:0swith a low sulfur content.
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Fig. 1 Schematic diagram of continuous-flow isotope-ratio mass
spectrometry system for carbon and nitrogen isotope analy-

ses of solid materials.
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Fig.2 Example of m/z 44 trace acquired during
carbon isotope analysis using continuous
flow mass spectrometer.
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Fig.3 (a) Comparison of measured and reference
0°C values for three reference standard
materials and enlarged diagrams of (a)
around data for standard materials; (b)
USGS-24 and (¢) NBS-19. The measured
0"”C values are determined relative to the
isotope ratio of a reference gas. The refer-
ence 6 °C values are relative to V-PDB. The
line represents a regression line. Errors are
lo.
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Fig.4 Time variation of instrumental isotopic frac-
tionation induced by temperature changes
of (a) = 1.5°C, (b) £0.3°C, and (¢) =0.1°C,
respectively. The isotopic ratios and tem-
peratures are shown as deviation from the
averages.
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Fig.5 One-day variation of instrumental isotopic
fractionation of ?C/”C with (a) room tem-
perature and (b) instrumental isotopic frac-
tionation of *O/"°0. The isotopic composition
and temperature are shown as deviation
from the averages. Solid line represents the
duration corresponding to a maximum time-
variation of §"°C values. The slope is about
0.001%. per a minute.
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Fig. 6 a) Shift of ratios of m/z 45 and 44 beam in-
tensities (Ius/I.) and m/z 46 and 44 beam in-
tensities (I.s/I.) after increasing pressure of
reference gas (% per 1 nA-increase) against
ion repeller voltage and (b) enlarged dia-
gram for I.s/I.-shift. Open circles and gray
squares represent shifts of L/l and L/l
ratios, respectively. The Jd-shifts are calcu-
lated based on the following equation:

_ (R/"/R,*—1) X 1000
IHLgh ILuw

where R”" and R’ represent ratios of m/z
x and 44 beam intensities for the reference
gas for high and low pressures, respectively,
and I"™"and I™ represent beam intensities
of m/z 44 for high and low pressures, re-
spectively.
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SO EXNMERHREIEEE S5 2 5. (LD AREN
Rzl b BEICET, RBoEZHEeTI LW
BETHILY, BERETHLIMEZENLBVv,) &
CTRATENRZDOMDPEDNY 2 75 Y ViR
WZoWTiliim L, ThEET IR HEZIRET 5,
B H R O FAR I Rt 13422 O AR R
Ny 7757 v FORRARL Rywr % VT,

Rsample =R * nﬁml — Reanr * mjunk (1)
total — Mblank Miotal — Mblank
DEHNITKRBEEIND, 22T, miIxDm/z 44D

Y= @S 2RO 72"C 2R T o
Ruanpte DEFE AR o ZUAT DL HITEKEIN D,

Miotal
Miotat — Meblank
Miank
Motal — Mblank
Roant

mblank) !

AR umpie = ARt *

* ARbians *
4 Riota —

B (mtotul -

{mtotal * Amblank + Miank * Amtatal} (2)

ZZT, AX I X IR 50252 BKT 5, 72,



it 7 o — R RSy

Pratic & 2 [ERE OB FE - WRE FEAARER AT @ RS

M DITzHDOWHEE 207

Table 1 Carbon concentration in tin capsules before and after chemical treatment and

pre-heating at 150°C.

Befors treatment

Aftor treatment
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Fig.8 Height of m/z 44 beam for sample peak
against carbon amount loaded in (a) a tin
capsule without heating treatment and (b) a
tin capsule heated at 150°C for 3 days. Solid
lines represent regression lines. Based on
the extrapolated intensity corresponding to
the carbon load of 0 ug, the amount of CO.
produced from background organic matter
can be calculated. The amounts of back-
ground carbon are 0.56=0.10 ug and 0.24 £
0.08 ug for (a) and (b), respectively.
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rected for measurement time using the
slope of (¢) (f). The decreasing trend can
be observed for the time-corrected data of
(e). The raw 6*S values are determined
relative to a reference gas with unknown
isotopic composition.
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Fig. 12 Time variation of raw 6*S values for a sin-

gle sample (a) without a SiO:-equilibrium
tube, with a SiOs-equiribrium tube contain-
ing SiO.-chips at (b) 890°C and (c) 1070°C,
and with a SiOs-equiribrium tube contain-
ing SiO.-wool at (d) 890°C, (e) 1000°C, and
(f 1100°C. The 6 values are constant only
when using the SiO;-wool tube at 890°C.
The raw 6*S values are determined rela-
tive to a reference gas with unknown iso-
topic composition.
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Fig. 14 Raw /™S values obtained for three samples with distinct § values acquired with stainless steel
column (a) and Teflon® (polytetrafluoroethylene; PTFE) column (¢ and e). (b), (d), and (f) are en-
larged diagrams of (a), (c), and (e), respectively, for the samples with a middle 6*S value. The raw
0*S values are determined relative to a reference gas with unknown isotopic composition. Open
and closed circles in the graphs, (b), (d), and (f) represent data for the measurements after the
measurement of a low d sample and after the measurement of a high ¢ sample, respectively. The
straight lines indicate the average values. The numbers near the lines represent the average val-
ues. The raw 6*S values for the measurements after the measurement of the low J-sample are
lower than those after the measurement of the high-J sample, indicating that the raw 6*S values
are affected by that of the previous sample. The influence from the previous sample to the raw ¢
value is smaller when using with PTFE column (d) than when using stainless steel column (b).
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Table 2 Brief description of gas-chromatography column used in this study.

Tube Distributor  Product Name Length Outer Diameter Inner Diameter  Adsorbent
(mm) (mm)

Stainless steel EuroVector E11517-1G 6 4 Porapak Q

PTFE EuroVector E11516 8 6 Porapak Q
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Table 3 Carbon isotopic compositions of reference materials and a regent sample.

Sample Reference 5'°C *1 Raw 3"°C Calculated 3'°C
(%o relative to V-PDB) (%o relative to laboratory standard gas) (%o relative to V-PDB)

NBS-19 1.950 *2 0.654 + 0.046

USGs-24 -15.994 + 0.105 -17.015 £ 0.056

IAEA-CO-9 -47.119 + 0.149 -47.928 + 0.074

Mitsuwa (CaCOs) -27.625 £ 0.037 -26.643 + 0.060 *3

0.106_*4

*1 Gonfiantini et al. (1995)
*2 Definition by international agreement

*3 1o error not incorporating the errors related to the reference 5'°C values {i.e., £0.149%0 for IAEA-CO-9) (see Maruoka et al., 2003b).

*4 1c error incorporating the errors related to the reference 5'°C values.

Table 4 Sulfur isotopic compositions of reference materials and regent samples.

Sample Reference §5*1 Raw §'S Calculated 5*'S
(%o relative to V-CDT) (%o relative to laboratory standard gas) (% relative to V-CDT)

1AEA-S-2 21.80 19.646 + 0.066

JAEA-S-1 -0.30 -2.175 * 0.033

1AEA-S-3 -31.85 -33.340 + 0.058

Sigma-Aldrich Ag,S -0.250 0.062 1.630 0.070

Wako chemicals Ag,S

t
-7.967 * 0.064

+
-6.199 * 0.071

*1 Mayer and Krouse (2004)
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