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REFERENCE MATERIAL INFORMATION SHEET

Purpose: This Reference Material (RM) is a material with known isotope-number ratios for sulfur (S),
R(**S/*?8) [1-3]. It is intended for use in method development, method harmonization and as a control for sulfur
isotope-number ratios of working standards that have been calibrated to the VCDT (Vienna Canyon Diablo Troilite)
o-scale. The equivalent name for this RM, as used by the International Atomic Energy Agency (IAEA) and the U.S.
Geological Survey (USGS), is IAEA-S-4. This material has historically been known as Soufre de Lacq.

Description: A unit of RM 8553 consists of one bottle containing approximately 0.5 g of elemental sulfur.
Non-Certified Value: The assigned non-certified value for this RM is not certified but is at present the best estimate
of the true value; however, the value may not include all sources of uncertainty [4]. The assigned isotope-delta value

for this RM is provided in Table 1 below.

Table 1. Isotope-delta Non-Certified Value and Uncertainty
for RM 8553 (IAEA-S-4)

NIST RM Number IAEA Name Non-Certified Value@® Uncertainty®b<)
5**Svepr *Svepr
8553 TAEA-S-4 +16.86 %o +0.12 %o

@ The sulfur isotope-delta (6**Svcpr) value, reported relative to Vienna Cafion-Diablo Troilite (VCDT), is expressed as a
mean and standard deviation (1sd). The isotope-delta value is an adjusted value from that reported in reference 5.
See the Analytical Methods section under Preparation and Analysis of RM 8553 in Appendix A for details of the
adjustment. The uncertainty is the reported value in reference 5.

®  The symbol %o is part per thousand and is equal to 0.001.

() The uncertainty reported is based on n =63 measurements and includes variation in the measurement precision and
material homogeneity.

Isotope-delta values for sulfur (S) are presently not traceable to the International System of Units (SI) or other
higher-order reference system [4,6]. The Bureau International des Poids et Mesures (BIPM) has recognized this via
a Traceability Exception approved by the International Committee for Weights and Measures (CIPM) during the
Proceedings of Session 1 of the 104" meeting in March 2015 [7]. As noted in the Traceability Exception, non-SI
traceable isotope delta-values “should be made traceable to materials recognized as International Standards” [4,7].
The International Standard VCDT is the accepted “stated reference” point for the sulfur isotope ratio measurement
scale [2,8]. VCDT is realized primarily and explicitly through the silver sulfide RM 8554 (IAEA-S-1), where:

RM 8554 (IAEA-S-1) Silver Sulfide: 6**Svcpr =—-0.30 %o (exact)

Period of Validity: The non-certified value is valid within the measurement uncertainty specified until 01 May 2030.
The value assignment is nullified if the material is stored or used improperly, damaged, contaminated, or otherwise

modified.
Carlos A. Gonzalez, Chief Steven J. Choquette, Director
Chemical Sciences Division Office of Reference Materials
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Maintenance of Non-Certified Values: NIST will monitor this material to the end of its period of validity. If
substantive technical changes occur that affect the non-certified value during this period, NIST will update this
Reference Material Information Sheet. Before making use of any of the values delivered by this material, users should
obtain the most recent version of this documentation, available free of charge through the https://www.nist.gov/srm
website.

Storage: RM 8553 (IAEA-S-4) is stable at room temperature. To minimize the potential for contamination, it is
recommended that this RM be stored in the container in which it is supplied.

Additional Information: Additional information is provided in Appendix A. The distribution of
RM 8553 (IAEA-S-4) is limited to one unit per three-year period. Users are encouraged to prepare their own standards
for daily use and calibrate those standards against international reference materials.
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Certain commercial equipment, instruments, or materials may be identified in this Reference Material Information
Sheet to adequately specify the experimental procedure. Such identification does not imply recommendation or
endorsement by the National Institute of Standards and Technology, nor does it imply that the materials or equipment
identified are necessarily the best available for the purpose.

Users of this RM should ensure that the Reference Material Information Sheet in their possession is current. This can
be accomplished by contacting the Office of Reference Materials 100 Bureau Drive, Stop 2300,

Gaithersburg, MD 20899-2300;  telephone (301) 975-2200;  e-mail srminfo@nist.gov, or the Internet at
https://www.nist.gov/srm.

*® ok ok ok ok ok ok % ok Fnd of Reference Material Information Sheet * * * * * * * =
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APPENDIX A

PREPARATION AND ANALYSIS OF RM 8553

Preparation: RM 8553 (IAEA-S-4) was derived from natural gas and was prepared by E. Roth, Centre d’Etudes
Nucléaires de Saclay, France.

Analytical methods: The 6**Svcpr value is derived from reference [5] where SO, gas was measured by continuous
flow isotope-ratio mass spectrometry to obtain the sulfur isotope measurements. This value for RM 8553 (IAEA-S-4)
is an adjusted value. The original 5**Svcpr value (+16.90 %o) reported in reference [5] was normalized using a
**Svcepr value for RM 8555 (IAEA-S-2) of +22.67 %o. The **Svycpr value for RM 8555 (IAEA-S-2) has been revised
to +22.62 %o [2,9,10] and the value for RM 8553 has been adjusted to reflect this change. The §**Svcpr value and
uncertainty reported in Table 1 for RM 8553 (IAEA-S-4) is the value accepted by the IAEA as of the date of this
information sheet.

Isotopic Homogeneity: Homogeneity assessment of 47 pg to 56 pg samples of RM 8553 (IAEA-S-4) indicates the
material’s homogeneity is suitable for present measurement applications [5]. Many years of use by the isotope
community suggest isotopic heterogeneity does not significantly contribute to the uncertainty of the non-certified
value at these sample sizes and larger.

REPORTING

Terminology: The terminology used here is based on the guidance given by IUPAC for isotope terminology, where
stable isotope-number ratio refers to the number of atoms of one isotope relative to the number of atoms of a second
isotope in the same system [2]. This is often abbreviated to stable isotope ratio. Isotope-delta value refers to the stable
isotope-number ratio of a measured sample relative to the stable isotope-number ratio of a reference material (see
example below). Isotope-amount ratio is numerically the same as isotope-number ratio but refers specifically to the
amount (moles) of an isotope relative to the amount (moles) of another isotope in the same system [3].

Isotope-delta () Values: The sulfur isotope-delta value of a measured sample (5>*Sumpre) reported on the VCDT
scale is defined as the difference in the measured isotope-number ratio of sulfur [N(**S)/ N(*2S)] in the sample relative
to the stable isotope-number ratio of sulfur in VCDT [2,8]:

[Nsample (345)] _ [NVCDT (345)
Nsample(325) NVCDT(3ZS)
[NVCDT(34S)

Nycpr (P%5)

34 —
6 Ssample -

Normalization: The §**S value in a sample should be normalized to the VCDT J-scale by calibrating the measurement
with respect to the & value for RM 8554 (IAEA-S-1) and the J-value from the appropriate 3*S-enriched or **S-depleted
anchor RM.  RM 8555 (IAEA-S-2) should be used as the anchor for the 3*S-enriched end while
RM 8529 (IAEA-S-3) is appropriate for the 3*S-depleted end of the scale. A general formula for normalizing a
measured sulfur isotope number ratio [N(**S)/N(*?S)] using two laboratory standards LS1 (e.g., RM 8554 (IAEA-S-1))
and LS2 (e.g., RM 8555 (IAEA-S-2)) can be expressed as:

34, _ Q34 34, 34,
5 Ssample,cal _5 SLSl,cal +(5 Ssample,WS _5 SLSl,WS)Xf (1)

where the normalization factor fis:
34 34
f= (5 SLS2,cal —0 SLSl,cy “ “ 2)
(5 SLS2,WS —0 SLSI,WS)

Note: In the above formulas, cal denotes calibrated measurements made versus the VCDT scale, and §**S 151 ca and
0>*S Lsacat are the conventionally fixed 5**S values for RM 8554 (IAEA-S-1) and RM 8555 (IAEA-S-2). WS denotes
measurements made versus a transfer gas (working standard), and 6**S 1s1,ws and 6**S 1s2,ws are the 5**S values for
calibrated laboratory working standards.
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Reporting of Sulfur Stable Isotope J-values: The following recommendations from IUPAC are provided for
reporting 6°*S isotope-delta values [2,8,11]. It is recommended that:
e the use of meteoritic troilite and the reporting of §**S isotope-delta value data relative to Cafion-Diablo
Troilite (CDT) be discontinued;
e  all relative sulfur isotopic compositions be reported relative to VCDT;
e the VCDT scale is realized through the use of RM 8554 (IAEA-S-1), silver sulfide.

In addition, researchers are encouraged to report the isotopic composition of RM 8553 (IAEA-S-4) and other
internationally distributed sulfur isotopic reference materials [8,11] in their publications, as appropriate to the method,
as though they have been interspersed among unknowns.

Current Reports of Investigation (ROI) and Reference Material Information Sheets (RMIS) for all light stable isotopic
Reference Materials mentioned in this report are available on the NIST Standard Reference Materials website [12].

***********EndOprpendiXA***********
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APPENDIX B

Technical aspects involved in the issuance of this RM were coordinated through the NIST Chemical Sciences Division
by J.L. Mann.

Support aspects involved in the issuance of this RM were coordinated through the NIST Office of Reference
Materials.

***********EndOprpendiXB***********
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