Stellar Stakeholder meeting, 26-2-2021

C1 WP1: Next generation carbon dioxide isotope ratio gas reference
materials

(RUG, NPL, MPI-BGC, AL, UEF, TUBITAK, INRIM, JSI, PTB, LGC, EMPA)

Harro A.J. Meijer, Centre for Isotope Research, University of Groningen (RUG)
Work Package Leader
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The aim of work package 1 is to considerably improve gas reference materials of
carbon dioxide that were developed as part of the EMPIR funded SIRS project
(16ENVO06). ...

...reduce the uncertainties of available atmospheric carbon dioxide standards

First: get pure CO, with accurate isotope values, expressed with respect to the Is
internationally accepted scales: VPDB and VSMOW or

Then: “dissolve” this CO, into CO,-free air to create CO, in air of which the isotope values at
are known as well ir

In parallel: try to realise that isotope ratio values for CO, gas will be directly traceable to SI,
with sufficient acuracy
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First: get pure CO, with accurate isotope values, expressed with respect to the
internationally accepted scales: VPDB and VSMOW

MPI-BGC, RUG, JSI and UEF will develop technical capabilities to perform
the carbonate (using I|AEA-603) and phosphoric acid reaction The
reproducibility of the syntheses will be at least 0.01 %o and 0.05 %. for 63C- and
o80O-CO, respectively. The inter-laboratory compatibility will be tested.

Max Planck Institute
for Biogeochemistry

Synthesis of pure CO, from calcium
carbonate standards MAR-J1 and IAEA-
603 using ARAMIS (Acid Reaction and
Air Mixing System)

Testing different methods to minimize
target uncertainties

Degassing of H;PO, over different time

periods
Using different materials for equipment
St 8 (gold container, glass stirrer etc.)
STELLAR

%, Work Package 1



Only “good” tries included
Goal: target uncertainties of 0.05 %o for 6'3C-CO, and 0.1 %. for §'30-CO,

Name d 13C [%0] d 180 [%.] Offset d13C Offset d180 Comments
MAR-J1 20202177

- Batch 697 1.976 -1.993 0.019 0.1082nd try

MAR-J1 20202200 Problems with pressure (forgot to grease O-ring), gold container not fully cleaned/wet? Some MAR-J1 powder at edge
- Batch 698 1.983 -1.984 0.026 0.117 looked wet
MAR-J1 20202245

- Batch 699 1.951 -2.011 0.006 0.090

MAR-J1 20202245

- Batch 699 1.952 -2.016 0.005 0.085

MAR-J1 20202256

- Batch 700 1.964 -1.977 0.007 0.124

MAR-J1 20202256

- Batch 700 1.961 -1.963 0.004 0.138

MAR-J1 20202259

- Batch 701 1.984 -2.007 0.027 0.094 different H3PO4
MAR-J1 20202259

- Batch 701 1.989 -2.026 0.032 0.075

MAR-J1 20210128 new glass stirrer which was stuck for a few hours and thus didn't stirr, usual H3PO4, degassed H3PO4 for a
- Batch 703 1.949 -2.127 0.008 0.026 day

MAR-J1 20210128

- Batch 703 1.950 -2.132 0.007 0.031rep ok

Already in target range, newest Batches not measured yet
Next steps: Continue to synthesize 6 MAR-J1 and 4 |IAEA-603 samples
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v Mar-J1 measurements on Europa Scientific 20-20 IRMS with ANCA TG with
3 S modification of CaCOs - H3PO4 gas evolving techniques with objective to use
lesser amounts of RMs

Expected values mand tal, 2009) % |
p B 2009 U ﬂ

s1C SD 5'"0
Determination %, (VPDB) (replicates) % (VPDB so

Mar-J1 1.957 0.11 =2101 0.013

== 12 mL vials

Liquid nitrogen trap

.ﬁ
1.2

4= H.PO,

Our preliminary results (carbon)

Determinati ahe sD
ermination %, (VPDB)

Mar-J1 2,02 0.02 (n=10)

N, or CO, free synthetic air
to fill up to atmospheric pressure

university of
groningen

experienced with carbonates-phosphoric acid,
but corona-related delays.
Intercomparisons with MPI-BGC performed in the recent past

¢ g
iﬁ wants to develop a system similar to JSI,
e but corona-related delays
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Next: “dissolve” the known CO, into CO,-free air to create CO, in air of which the isotope
values are known as well

Produce mixtures at an ambient amount fraction (410 umol mol1).
CO,-free air matrix such that the remaining CO, has negligible influence.
carbon dioxide will be added by using the gravimetric method and also by dynamic

dilution
Resulting CO, in air calibrated on the JRAS-06 scale

@ AirlLiquide

Empty cylinders with internal treatment
- 26 B10 | cyl prepared and waiting for sending to NPL in the Spanish custom (NPLvalve)
-20B05 | and 2 B10 | cyl with DIN-1 or UNI 11144-5 valves for VSL, TURITAK and INRIM in preparation for

Aculife lll Megalong treatment

Pure gases N2, 02 & Ar 50 L 200 bar

Brexit delays!
-12 cyl N2 + 3 cyl 02 + 1 Cyl Ar sent to NPL Nov 2020
- 14 cyl N2 waiting for sending to NPL in the Spanish custom

&°H

@
3o
§1¢

STELLAR

% Work Package 1



NPLE

National Physical Laboratory

Pure gases from Air

Liquide
. N278.1%
™ 0.20.93 % NPL e
: . INRIM mixtures to be made
Ar0.93 % : " by M12 using SIRS
' TUBITAK
| N,0 330 ppb pure CO, RMs.
10 L cylinders from
Air Liquide (Aculife — First batch to be sent
Megalong by end of March 2021

passivation)

* Cylinders conditioned with 5 bar dry N2 (H20 < 3 ppm), evacuated to < 5 x10”7 mBar.
* Preparation by gravimetry: N2 78.1 % 02 20.93 % Ar 0.93 % N,O 330 ppb

- Validation of composition using existing NPL standards. (GC and CRDS)
* Analysis of residual CO2/CH4/CO/H20 in selected cylinders from each batch

- Dynamic dilution using existing NPL standards. (CRDS)
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» Dynamic gas mixture generation and measurement system @
—TiBiTAK—

UME

4 & |
n |~ s IRMS facility (Thermo Finnigan MAT 253
: L = 40 ISa" with an autosampler gas injection to GC-IRMS)
e =
j, l .
' | ' CRDS (Picarro G2401) CO/CO,/CH,/H,0O
Analyzer equipped with 16-Port Distribution
Manifold
r : Dynamic dilution system
AR Already experienced in this technique from the previous
STELLAR : -
. project, now for higher accuracy Work POe 1



In parallel: try to realise that isotope ratio values for CO, gas will be directly traceable to SI,
with sufficient acuracy

select and purchase suitable compounds (including carbon dioxide gases)
enriched in 13C and 12C isotopes to be used in preparation of calibration mixtures.
Chemical and isotopic purity of these compounds will be assessed.

[ Glucose and alanine are chemical }
4 compounds considered for use as calibrants 4
1 . : "
&“ 99% 13C isotope 0.1% 13Cisotope &“
" l 1% 12C isotope 99.9% 12C isotope " l
Solution of 3C isotope enriched Solution of 3C isotope depleted
material (A) material (B)

\ /

Preparation of synthetic isotope mixtures from materials A and
B with different n(*3C)/n(*2C) ratios

isotope mixtures and samples of glucose or alanine with natural isotopic composition

&°H

[ Measurements of 13C/12C isotope ratios in parent isotopically enriched materials, synthetic }

§1¢

STELLAR
% Work Package 1



PTB and LGC will set up MS Excel-based spreadsheets for performing all

calculations
[}
2a
i ma X Ri3 A 7
(Rys A+1)< M(lQC) (130)X313,A < M(160) i M(17T0)xRy7 A " M(180)x Ryg p ))
Ry3, A+1 Ryz A+l Ri7 A+R1g A+l " Rig A+Rig A+l Rig A+Rig A+l
mg ><R13 B
(Rus, B+1)< M( 2C) (lgc)XRw,B 2( M(160) M(1T0)xRy7 B n M(180)xRig g ))
0 =K, X Rm L 13, B+1 R13B+1 Ry7, B+R18 B+l Ryyp+Ry(p+l Ry +Rigp+l J 4
45 45AB - .
(Riz a+1) ( M(lQC) (13C)><R13,A ( i M(ITO)xRy7 a n M(180)x Ryg p ))
Ry3, A+1 Riz A+l Ry7, A+R18 A+l Rz A+Rig A+l Ri7 A+R1g, A+1
(Rus B+1)< vm(2c)  M(BC)xRy3p +2< (160) . M(1TO)xRy7 g 4 M(180)xRyg ))
| ' Ri3 p+1 Ri3 p+1 Ry7 pt+Rig B+l  Ri7 B+Rigp+l Ri7p+Rig B+l i
maXRi7 A
(Ri7,a+Ras A+1)< o)  MCOxRign 2( M MO xRyza  MCPO)xRig ))
9 Rz, A+l Rz A+1 Ryz A+Rig A+l " Ry A+Rig A+l Ryz A+Rig A+l
mpXR17 B
Mm2c) |, M(I3C)xRi3 M(160) MI70)xRy7 5 . M(BO)xRig g
(R17»B+R18,B+1)(R +1 R +1 +2<R +R 1R TR S TR +1))
13,B 13,B 17,BTR18,B 17,8+ R18 B 17,8+ R18 B
mMmA +
(Ri7,a+Ras A+1)( uce) | MCOxFyan +2( Ml%0) | MCIO)xMyrp | MCIO)xFisa ))
’ ’ Riz A+l Riz A+1 Ri7 AtRig A+l " Rig A+Rig A+1 " Ry A+Rig A+1
mp
(Rim 5t Ris B+1)( Mm(12c) , M(I3C)xRi3 ( M(160) M(ITO)xRy7 g R M(180)x Ryg )>
' ' Ry3 B+1 Ry3,B+1 Ri7 BtR1g B+l Ri7p+Rig B+l  Ry7 pt+Rig B+l
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quantity best estimate uncertainty PDF
Rass 0.001761081 140806 norrmal K factor best estimate uncertainty relat. uncartainty rumber of tralls N4, 2000
3. 447(] nermet
Rags D.00410269 A Kes '
L] 5 70E-06 1.216 K > 8
o u * Start simulation \
Rans 958,0219381 00060128294 normal Ko /
Raan 10,02750177 0.00038961 normal Riss
Rans 27.42079331 0.000904371 narmal R .
— 124 Palt Histograms
Hasaz 0985568769 1.0002E05 normal Rigs,
s an 0025291596 207808 norrmal R
Razss 0.015216577 4.037690-06 normal Riss
ms 1.002 0.00019 narmal Riss
Mg 1.002 0000191382 normal
M ey 12 ] narmal
Mi“g 13.00335484 2.30E-10 narmal
M) 15.90491462 170E-10 normal
M) 16.90913176 7.00E-10 narmal
W {M0) 17.99915961 7.00E-10 normal
') . ¢ () i i 6 " | ' « L ™ ~
1
2 quasery best astmate encertainty »oF
i Ras 0001761091 140600 nanmal K-factor bewt estimate wncertainty relat, uncertainty amber of trails N o, 200
4 Reen 0.0041026) 744207608 normal Ku 10010 330604 003%
[ 121673008 nommal K 1001 1,306-02 1308
s SI0E06 Start simulation
s Ry 9990219383 O.00GOISESM nomal L7 09943 139602 139%
L4 L 1975177 000038961 normal [ 7% 0001001 7.146-06 071N
PR ) Aoy 77.62079331 _ OK00904371 normal Ra 0000381 17606 0998
? L Q985560760 10092605 normal 0002054 267605 130%
L) LT Q0752915% 30700 normal 998973 3.15¢01 00N
" 403763606 nomal o 000957 127604 128%
2 060039 nosmal Roas 001360 185604 136%
B 0000191382 nommal
i “ o normal
hl 5 230630 narmal
® 1595991862 170630 nomal
7 1699013176 700830 narmal
B 1799915961 7406 30 normal
"
-l he__ P
2
2
23 | Koy row dota Kunwdits  Konwdew Ry awdi B araw data B raw data Ryueraw data Rooaraw data R yuy tiw dote
= » 100072197 1.004091 718 38022 o 0 0002059354 9987198435 0010003366 0013649878
Ee] 1001337506 00e8s2717 09G106158 0001000149 0L0ORI9IST 0LOXS058 G99 1491402 0009557063 Q013581017
% 1O0CES4003 Q999525182 0993179787 0001001967 0000379175 0002019592 9988952579 000636 a013581726
o —_— 2 1000631007 101072612 10042161 COMOEIL 0000332017 0602072877 006420920 Q01007064 Q013719018
- 100150517 102790891 123521875 0001014419 0000373588 0602108347 999309276 001233637 Q013987158
E 1000325456 Q968473015 0981300222 0001002679 0000331444 9939217495 0005246264 0013439331
» 1001320117 LOIGAMS04 1011307211 0L01006%60 0£00377299 99316768 0010121134 Q01382389
3 1001036268 1012016263 1005384929 0001005545 0000379405 9990423021 0010079425 0013754754
2 LO01IGISTI  1.00R436157 10023884 000079747 0000331822 9991671431 003042437 0013704023
0 1000482891 1.003044177 04510864 0001004956 DLOONTTISG 000205294 GUR 4TS0S0 0009375784 Q0116050
T 100114258 100877628 1001430166 00009791 0000391336 0002068527 9991341572 00106552 0013692024
] 1000881252  000ERYISE1 0.S89MSANL 00009699 0000187541 0002044587 0028172 0009930483 Q013534175
* 100141212 101537386 1034047531 000106412 0000177574 0002090506 9934078308 0010148453 Q0138601113
7 1000757164 0001005373 0000378233 0002090452 9987542243 0010154286 Q013871827
= oS s 0L01000834 GooasTEns 0LO036809 SORT112584 0002 Q0135834803
— £ 0592687937 0001004281 0000379633 0002048524 5987473439 0009351008 Q013576226
O 1013691504 1007813145 0001008245 0000379313 0002078931 SR 9520847 000097371 0013780834
«“ 100721909 1000897076 U409 D002 7495 Q0N6I9TES
Q Q995779155 0588957453 0001001543 0000330228 0002042173 998 8134009 0009919872 anassi
a 096084028 0962950653 0001006650 0000370050 000203008 0029477796 0000859253 0012443267
“ 0NN OIB6TING? 00007745 0000391573 0002038645 9989584213 0009500263 Q013493631
s 0993178855 0965427856 9933010871 0009899337 0013484416
- 099815102 0007 3928 00034045 00081768 U875 100 Q01001511 aop1desa
“« 09MTsTTE7 0001001931 0000380645 0002053391 998 964de13 0009374065 0013602939
@ 0960636833 0.000M8IE 0000331303 0001987028 9984718161 0009654758 Q013144509
P : i Socaiacy seagiaies PSS rrmRe
Bomt _wol lilmertng U1 Q93 | SeR1 | s | I | e | Go%e . 3
]

Tool is ready, and thoroughly tested by comparing with previously developed
Mathematica code.
Fully transparant (code included)
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Stellar, WP1, Summary of the initial phase:

Project has started, first developments visible and delivered.
Delays all over the place due to corona, and some also due to the Brexit.
And the pandemic is not over yet, so more delays might happen...

Collaboration between partners runs smoothly, since
most partners have collaborated in the previous project.
Being accustomed to on-line meetings and workshops is an advantage.

Still, 9 months report is expected to be full of missed deadlines
(typical delay is 3-6 months for most activities)

Thank you for your attention
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