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Figure S1. Preparation chart for the 9-component RLNG mixture showing the constituting pure compounds

and premixtures as well as the ideal target concentrations.
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The numbers on the chart indicate the individual filling steps during the preparation in ascending order.

1,2,3,...: direct filling from a container into the recipient and subsequent weighing
1.1,1.2, 1.3, .... transfer from a minicylinder using a purge gas (indicated by 1)
1.1.1,1.1.2, ... transfer from a (gas-tight) syringe (can be followed by a transfer from a minicylinder)

using a purge gas (either a pure gas or a mixture)

Gas portions as determined during the preparation of the RLNG mixture (Fig. S1):

Premixture 1, cylinder no.: 8084-140513, total pressure: 68 bar
11 n-pentane 3.5384¢ minicylinder, V = 25 ml
1.2 isopentane 3.562 g minicylinder, V = 25 ml
13 n-butane 21.523 g minicylinder, V = 75 ml
1.4 isobutane 21.339¢g minicylinder, V =75 ml
2 methane 477.985¢g directly, purge gas for 1.1 to 1.4
Premixture 2, parent gas, cylinder no.: 8021-140522, total pressure: 148 bar
11 carbon dioxide | 35.073 ¢ minicylinder, V = 150 ml
1 nitrogen 133.200 g directly, purge gas for 1.1
2 methane 972.848 ¢ directly
Premixture 2, dilution, cylinder no.: 8093-140611, total pressure: 141 bar
1 premixture 2, | 108.836 g directly
parent gas
2 methane 910.159 ¢ directly
Final mixture, cylinder no.: 96054928-161019, total pressure: 99 bar
1 propane 38.943 g directly
2 ethane 132.124 g directly
3 premixture 1 94,672 ¢ directly
4 premixture 2 118.444 g directly
5 methane 418.565 g directly




Table S1. Purity, supplier, molar mass, and critical parameters for the constituting components of the gas

mixtures studied in this work.

Purity /

Critical parameters?

Component (CAS no.) mol-% Supplier M/ g-mol
T /K P./ MPa

Methane (74-82-8) >99.9995 Linde® 16.0428 190.56 4.5992
Nitrogen (7727-37-9) >99.9999 Linde® 28.0135 126.19 3.3958
Carbon dioxide (124-38-9) > 99.9995 Air Liquide® 44.0098 304.13 7.3773
Ethane (74-84-0) >99.999 Matheson Tri-Gas® 30.069 305.32 4.8722
Propane (74-98-6) >99.995 Matheson Tri-Gas® 44.0956 369.89 4.2512
n-Butane (106-97-8) >99.98 Scott® 58.1222 425.13 3.796
Isobutane (75-28-5) >99.99 Scottf 58.1222 407.81 3.629
n-Pentane (109-66-0) >99.8 Sigma-Aldrich? 72.1488 469.70 3.3675
Isopentane (78-78-4) >99.7 Sigma-Aldrich? 72.1488 460.35 3.378

2 Critical parameters were obtained by using the default equation of state for each substance in REFPROP

10 software.
b Linde AG, UnterschleiBheim, Germany.

¢ Air Liquide AG, Disseldorf, Germany.

d Matheson Tri-Gas, Inc., Montgomeryville PA, USA.

¢ Scott UK, Newcastle-under-Lyme, UK.

f Scott Specialty Gases, Inc., Plumsteadville PA, USA.

9 Sigma-Aldrich Chemie GmbH, Steinheim, Germany.



Table S2. Gravimetric (real) composition of the RLNG mixture studied and the premixtures used for the

preparation. Information on impurities from the supplier are included; impurity compounds are marked in

italic type.
Mixture RLNG 'V:)'étr‘:]rifdﬁ'r'eNlG
Component cylinder no.: 96054928-161019 cylinder no.: 8084-140513
102 x; / 102 U(x) (k=2)/ 102 x; / 102 U(x) (k=2)/
(mol-mol?) (mol-mol?) (mol-mol™) (mol-mol™)
methane 87.5790 0.0036 97.2719 0.0032
nitrogen 0.11947 0.00015 — -
carbon dioxide 0.020187 0.000082 - -
ethane 9.9437 0.0011 - -
propane 1.99856 0.00077 — -
n-butane 0.150132 0.000078 1.20771 0.00059
isobutane 0.148984 0.000036 1.19846 0.000221
n-pentane 0.019900 0.000024 0.160101 0.000189
isopentane 0.020023 0.000024 0.161089 0.000189
nitrogen - - 0.00019 0.00022
oxygen 0.000011 0.000009 0.000012 0.000014
carbon dioxide - - 0.00021 0.00013
hydrogen 0.000010 0.000005 0.000002 0.000003
carbon monoxide 0.000001 0.000001 - -
ethane - - 0.000003 0.000002
neopentane 0.000042 0.000021 0.00034 0.00017
n-hexane 0.0000005 0.0000004 0.000004 0.000003
propene 0.000002 0.000002 - -
ethene 0.0000015 0.0000013 - -
nitric oxide 0.000000001 0.000000001 - -
Mixture RLNG Mixture RLNG
premixture 2, parent mixture premixture 2, dilution
cylinder no.: 8021-140522 cylinder no.: 8093-140611
methane 91.6120 0.0017 99.1597 0.0022
nitrogen 7.18381 0.00084 0.71954 0.00025
carbon dioxide 1.20418 0.00012 0.12078 0.00012
oxygen 0.000010 0.000012 0.000012 0.000013
hydrogen 0.000003 0.000003 0.000002 0.000003
ethane 0.000005 0.000003 0.000003 0.000002
carbon monoxide 0.000001 0.000001 0.0000001 0.0000001
nitric oxide - - 0.00000001 0.00000001



Table S3. Results of the gas chromatographic (GC) analysis and relative deviations between gravimetric preparation and GC analysis for the RLNG mixture
studied in this work. The results are followed by the gravimetric composition of the employed validation mixtures (bracketing analysis according to ISO 12963).

Relative deviation
between gravimetric

Concentration composition and GC

Component analysis
102 x; / (mol-mol™)  10% U(x;) / (mol-mol?) %
RLNG mixture, BAM no.: 96054928-161019
methane 87.5824 0.0716 0.004
nitrogen 0.1193 0.0005 ~0.155
carbon dioxide 0.0202 0.0001 0.014
ethane 9.9430 0.0182 —0.006
propane 1.9993 0.0022 0.038
n-butane 0.1501 0.0002 0.001
isobutane 0.1490 0.0002 —0.018
n-pentane 0.0199 0.0002 —0.066
isopentane 0.0201 0.0001 0.323
Validation mixture BAM no: 8022-140903 (lower bracket) Validation mixture BAM no.: 8057-140903 (upper bracket)
102 x; / (mol-mol™Y) 102 U(x) / (mol-mol?) 102 x; / (mol-mol?) 102 U(x;) / (mol-mol)

methane 88.4304 0.0030 86.6165 0.0033




nitrogen 0.11129 0.00015 0.12930 0.00014
carbon dioxide 0.01882 0.00009 0.02162 0.00008
ethane 9.28020 0.00093 10.71598 0.00095
propane 1.845319 0.001119 2.152895 0.001257
n-butane 0.139026 0.000071 0.160886 0.000081
isobutane 0.137957 0.000030 0.159804 0.000020
n-pentane 0.018430 0.000022 0.021558 0.000026
isopentane 0.018543 0.000022 0.021403 0.000026
oxygen 0.000011 0.000009 0.000011 0.000009
hydrogen 0.000002 0.000002 0.000002 0.000002
carbon 0.0000005 0.000001 0.0000006 0.000001
monoxide
neopentane 0.000039 0.000019 0.000045 0.000002
n-hexane 0.0000004 0.0000003 0.0000005 0.0000004
propene B B B B
ethene 0.0000065 0.0000039 0.0000075 0.0000045
nitric oxide 0.000000001 0.000000001 0.000000001 0.000000001




