Three Certified Sugar Reference Materials for Carbon Isotope Delta Measurements
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Supplementary Information
The supplementary information includes a more detailed explanation of the elemental analysis isotope ratio mass spectrometry (EA-IRMS) method validation performed at NRC and the suggested sample analysis sequence (Table 1). An excel spreadsheet containing all reported data from NRC and 6 collaborating laboratories is also included.
NRC EA-IRMS Method Validation
The EA-IRMS method for the analysis of natural abundance organic compounds, with the application to sugar-based materials, was developed and validated using criteria outlined in Dunn et al 1, Brand et al 2, and Coplen et al 3. On each day, a start-up procedure was followed to ascertain that the mass spectrometer was in good working condition. First, the background levels of CO2 (m/z 44), argon (m/z 40), oxygen (m/z 32), nitrogen (m/z 28) and water (m/z 18) were measured on the middle cup in CO2 configuration, both with the He diluter on the Conflo III in (at 0.35 bar (5 psi)) and with no helium (He) dilution. The background levels of these gasses were monitored for several days prior to beginning these analyses, and a typical acceptable level for each of the background gases was determined for the lab at NRC, which were similar to those outlined in the Good Practice Guide for Isotope Ratio Mass Spectrometry4. On all days, all background gas levels were determined to be within acceptable values. Second, the response of the CO2 reference gas was evaluated via a zero enrichment (stability) test, with the He dilution on the Conflo III set to 0.35 bar (5 psi). The amplitude (as measured on m/z 44) of the CO2 reference gas pulses was set to be within 2 V of the expected RM/sample CO2 gas pulses, and 11 pulses of CO2 were introduced per run. The NRC criterion was determined to be at least three zero enrichment tests with a standard deviation of the 11 pulses to be less than 0.05 ‰, and this was achieved on every analysis day. Third, the linearity of the CO2 reference gas was evaluated over a range of ~ 8 V or greater, with the amplitude of the CO2 reference pulse used in the zero enrichment test as approximately the middle of the range. On every analysis day, the C linearity was < 0.06 ‰ per V, as specified in the Delta +XP mass spectrometer manual.
Samples and RMs were weighed into tin capsules (Elemental Microanalysis, Okehampton, UK) using an analytical microbalance (Mettler Toledo, Columbus, OH, USA or Sartorius, Oakville, ON, Canada). Masses of samples and RMs were determined based on the amount of carbon in the sample/RM, and targeted to give a sample CO2 gas pulse with an amplitude within 2 V of the reference gas pulse amplitude. The mass ranges were: BEET-1, GALT-1 FRUT-1, IAEA-CH-6: 550600 µg, USGS40: 525600 µg, USGS62: 450500 µg and IAEA-CH-7: 220300 µg. Once weighed, the tin capsules were crimped, squished into a ball/cube, and introduced into the 80 carousel autosampler.
He dilution on the Conflo III was set to 0.35 bar (5 psi) for each analysis. Each run had four or five CO2 reference gas pulses before the sample CO2 pulse, and three CO2 reference gas pulses after the sample gas pulse. Prior to any sample analyses, one or more empty autosampler holes were run to ensure a low carbon background from the elemental analyzer (EA). Next, at least three bypass samples were analyzed to ensure that the timing was correct for the reference and sample CO2 pulses. Next, a blank (i.e. empty tin capsule) was analyzed to ensure that there was no CO2 signal from the tin capsule, and for all runs, no detectable signal was observed. Once everything was deemed satisfactory, the RMs and samples were analyzed, following the suggested sample analysis sequence when applicable. The final sample in the sequence was a blank to ensure that there was no carryover at the end of the sequence and, for all runs, no detectable signal was observed.



Suggested Analysis Sequence
Table S1. Identification key for vials A-C and ampules D-L, and the suggested analysis sequence for δ(13C) measurements of BEET-1, GALT-1 and FRUT-1 using EA-IRMS. Laboratories were instructed to insert their internal calibrants into the suggested sequence at their discretion.
	Sequence Line*
	Sample
	Sample Identity
(not revealed to laboratories)

	1
	A
	IAEA-CH-6

	2
	B
	USGS40

	3
	C
	USGS62

	4 to 7
	D
	BEET-1

	8 to 11
	E
	GALT-1

	12 to 15
	F
	FRUT-1

	16
	B
	USGS40

	17
	C
	USGS62

	18
	A
	IAEA-CH-6

	19 to 22
	G
	GALT-1

	23 to 26
	H
	FRUT-1

	27 to 30
	I
	BEET-1

	31
	C
	USGS62

	32
	B
	USGS40

	33
	A
	IAEA-CH-6

	34 to 37
	J
	FRUT-1

	38 to 41
	K
	BEET-1

	42 to 45
	L
	GALT-1

	46
	A
	IAEA-CH-6

	47
	C
	USGS62

	48
	B
	USGS40


*sequence after empty samples, bypass samples and a blank sample were analyzed

Table S2. Carbon isotope delta values of other international reference materials used in this study.
	Material
	δVPDB(13C) value
	Standard uncertainty

	IAEA-600
	–27.771 ‰
	0.043 ‰

	IAEA-CH-3
	–24.724 ‰
	0.041 ‰

	IAEA-CH-6
	–10.449 ‰
	0.033 ‰

	IAEA-CH-7
	–32.151 ‰
	0.050 ‰

	USGS40
	–26.39 ‰
	0.04 ‰

	USGS61
	–35.05 ‰
	0.07 ‰ *

	USGS62
	–14.79 ‰
	0.07 ‰ *

	USGS63
	–1.17 ‰
	0.07 ‰ *

	USGS64
	–40.81 ‰
	0.07 ‰ *

	USGS65
	–20.29 ‰
	0.07 ‰ *

	USGS66
	–0.67 ‰
	0.07 ‰ *


* The uncertainty for USGS61-USGS66, as reported by Schimmelmann et al[5] is probably underestimated as noted in the supplementary information of that report. Consequently, for our uncertainty evaluation, we have enlarged the standard combined uncertainty of theδVPDB(13C, USGS61-USGS66) values from 0.04 ‰ to 0.07 ‰.
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