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International comparison CCQM-K120 (2017)

Measuring accurate CO, mole fraction for CCQM-K120
Coordinated by BIPM | l |
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International comparison CCQM-K120 (2017)
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Measured 613C and 6120 in CCQM-K120 standards
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Isotope Ratio Infrared Spectroscopy - FTIR

CO, in air




Measuring CO, isotopes by Infrared Spectroscopy
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Mole fractions,ratios and delta values

FHE = (BRL— 1) Delta values allow small differences in isotope ratios, and
4l thereby mole fractions of isotopes to be readily expressed
Ryppp-—co, Conventional values used for the isotope ratios in CO, gas
produced from carbonate standard
RVPDB coz=0.011180
RVPDB co2 = 0.0003931
R 5 oz = 0.00208835
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IAEA Allows abundances and mole fraction of CO, isotopologues
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Calibration strategy

Principle : independent two points calibrations of each isotopologue, .
using standards of same 63C but different mole fraction to R
Ref 1 bracket the target sample
i O R18
x(CO,) &8¢ 50
umol/mol %o VPDB %0 VPDB
378.90 -35.68 -34.48
X626 X636 X628
pumol/mol pmol/mol  umol/mol
373.07 4.02 1.50
Ref 2 x(CO)
Max-Planck-Institut umOI/mOI
fiir Biogeochemie O 393.97
x(CO,) 8%3c 580
umol/mol %o VPDB %o VPDB
420.43 -35.68 -34.12
X626 X636 X628

pmol/mol  umol/mol umol/mol
413.96 4.46 1.67

_ X636

X626

_ X628
X626
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Calibration strategy

Principle : independent two points calibrations of each isotopologue, L Xezs
R —_

using standards of same 6*3C but different mole fraction to T Xege
Ref 1 bracket the target sample
: gy, R18 _ X628
s X626
FTIR O
X626 X636 X628 ,ESZZWW“W b2
X626 X636 X628 - e
pmol/mol  pmol/mol pmol/mol \ — //\_/”/ - € Ifl’ Std 2
373.07 4.02 1.50 ' - 8
Ref 2 - > ) " sample
<1 KA
"Std 1
FTIR Xg26 / (LMol mol?)

X626 X636 X628

F075 ;
o
X626 X636 X628 P
pumol/mol  pmol/mol  umol/mol MW\/VWW%MW 9

413.96 4.46 1.67 T
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Calibration strategy

Principle : independent two points calibrations of each isotopologue,
. . . 13
using standards of same 63C but different mole fraction to R
bracket the target sample

FTIR R™
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Uncertainty for FTIR 613C and 6130 measurements
1. Standard Approach 2. Sensitivity Study

Individual isotopologue mole fraction: Varying the calibration input parameters (GUM)

* two-point calibration process, e parameter variation chosen according by its
standard uncertainty x,- u(x;) to x; + u(x;).

* model equation for each isotopologue
deduced from the two calibration e contribution to the total standard uncertainty




Uncertainty for FTIR 613C and 6130 measurements

626 calibration ; B
Final uncertainties on delta values,

for the « air like » sample:

450 636 calibration

613C  u(63C) 60 u(d'0)
%o VPDB CO,
-8.61 0.09 -2.8 1.19

X636
R13 —

 Xe26 * Main component is the certified CO, mole

wras)\2  (U(xere)\2 fraction
u(R13) = R13 (i> +( S26 * Uncertainty on delta value negligible (only

X636 X626




Uncertainty for FTIR 613C and 680 measurements

2. Sensitivity Study

FTIR Method input parameter

613C  u(é3C) 60 u(d?0)
%o VPDB CO;
-8.61 0.09 -2.8 1.07

* Confirmed that for &'3C the main uncertainty
contributor comes from the uncertainty of the
mole fraction of both CO,/air mixtures used to
calibrate the FTIR

* the 60 main uncertainty contributor is FT-IR

response (93% of the index




Isotope Ratio Infrared Spectroscopy — Laser spectroscopy




Isotope Ratio Infrared Spectroscopy

Laser absorption at 4.3 pm
Scanning over absorption peaks of 3 main CO, isotopologues

Typical sample = CO, in air, ambient concentration (~ 400 pmol/mol)

Detector Voltage

15
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Delta Ray — Calibration Strategy

Get Ready procedure

Original idea : dilute the reference standards (pure CO,) to match the sample

—
% 3

u 2 References ‘
PURE CO . .
i :> Bias > uncertainty

8 low 8 high 3

= x(CO,) i
Oref 8sample

Modified calibration : add 2 CO, in air references
and perform a 2 point calibration of o values

>

Carrier gas
| CO, free air

3 %
Sample Air Ref 1. :
420.43 pmol mol?
O13C = -35.682 %o
0180 = -34.478 %o

Sample Air Ref 2.
380 pmol mol?
O13C = -1.384 %o
5180 = -7.148 %o

www.bipm.org 16



Validation by comparison with value assigned by IRMS

FTIR measurements on 3 samples : IRIS (delta ray) measurements on 3 samples :
1.0+ P 1.0 .
2nd 2nd
] 31h 3[h
O\g 0.5-_ o\g 0.5 4
= 0.0- H $U> 00 ¢ 4
2]
QOLL ] UE ] 3
€ 051 %o 051
'10 - T T T T T T T T T 1 '10 - T T T T T T T T T T T 1
-10 -8 -6 -4 -2 0 40 -30 20 10 0
13 0 13 0
) 5 cvaBmmﬁ . 8 CVPDB/AOj
Ref 1. Ref 2. 3 §

Sample Air Ref 1. Sample Air Ref 2.

379.90 pmol mol-t 420.43 pmol mol* 420.43 pmol molt 380 pmol molt
513C = -35.685 %o 513C = -35.682 %o 513C = -35.682 %o 5°C =-1.384% 17
5180 = -34.478 %o 5180 = -34.115%o 5180 = -34.478 %o 5180 = -7.148 %o




Isotope Ratio Infrared Spectroscopy— Laser spectroscopy




Sampling System for pure CO, aliquots

Controlled flow rates

Automatic sequential analysis

Up to 16 samples analysis

Identical treatment of
samples and references

S3C = —42.13 %0
5180 = —27.63 %o

§13C = —1.38 %0
8180 = —7.15 %o




Measurement sequence with calibration & drift correction

CO, mole fraction

Sample

-Drift correction

=0'py*(0%Ry- 0'gy)*1/3
=0'py*(0%¢- O'gy)*1/3

-Two points post calibration

www.bipm.org

time
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Optimising performances: CO, mole fraction control

Variations of x(CO,) in the instrument’s gas cell induce variations of isotope ratios

813Cppp dependence on CO, mole fraction 6180,,ppp dependence on CO, mole fraction
030 04—
025 P 0s
e
~ 020 0\
¢ £ = 02
\\ 5 N

] \ 015 g
< PY ;6 % 01 ¥
; \o 010 ) * ‘\
g ™. 3 .
e * £ \,\’
g o 0 <} - . L. : .
E : | . 003 /OO ?O-SD-U -60.0 -40.0 -20.0 D.’ \\ 200 40.0 60.0 BO.O
:z § % * Ly

#80.0 60.0 -40.0 -20.0 0l \\ zn.u «m.n 60.0 80.0 91—
+ »
~ *
10 pmol/mol  —** LA
‘.‘-\\ 02 |
010 \‘“\\0 ¢ L4

-0.20 04

X(CO,)sample-X(CO,)reference, pmol/mol X(CO,)sample-X(CO,)reference, pmol/mol
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Optimising performances: CO, mole fraction control

Feedback loop implemented in control software to obtain + 2 ymol/mol

Sample
[E—

www.bipm.org

Raw CO, data

Software to
control the flows

Calculation of the
flow correction
factor

Correction of the
flows

Maximum bias

22



Carousel ports variability

S3C | %o

580 / %o

Switching over 16 carousel ports shows no port-variability

-36.6
i mean = -36.831 %o

o = 0.026 %o

B e A\

-37.0 -

mean = -20.614 %o

-20.4 - -
| 4

6 = 0.023 %o
Sample
-,-.,,,_,,fw,.,‘ ,,,,,,,,,,,,,,,,, Q®--@----—-4f---"-"-"-"""—mmmm e e L
'20'6__ """" $ e g oeton Mot aved ] s .
. L
o — o n (o)
— o~ ™M < LN () N~ 0 o)} — — — — —
o o o a o a o o o o o o o o
| =z = =z =z =z == =2 =2 =2 9=z =z =2 = 2
-20.8 - wn wn wn (72) wn wn wn wn wn %) n [72) wn n




Repeatability & homogeneity over the range

Nm NS
6 1
12 8
12 3
10 3
12 3
9 3
Average

613C [/ %o
Mean (o]

-43.362 0.023
-36.717 0.020
-29.884 0.021
-19.937 0.031
-10.741 0.019
-1.375 0.019

0.022

6180 / %o
Mean (o]
-35.350 0.021
-20.400  0.052
-27.341  0.020
-21.216  0.027
-15.225 0.023
-9.290 0.020
0.027
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N, = number of samples
- 'T' - -
f‘?éi"-

1
.‘5;3"-

N_, = number of measurements
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FTIR VS

FTIR: two cylinders with the same delta values and
different mole fractions, bracketing the mole fractions to

be measured, 013C and 080 values can be measured
with uncertainties of ug;3c ;r= 0.09 %o and uggo pr =
1.03 %o

CO,in air

www.bipm.org

Delta Ray

Delta Ray: a residual bias in the 6'3C and 680
measurements, which remained following the
implementation of the manufacturer’s calibration
procedure, was removed by the application of an
additional two point calibration (two CO, in air
standards with known but differing isotopic
composition). The resulting standard uncertainty
of measurements achieved was us;3c prr= 0.18
%o and ;50 pr= 0.48 %o. .

CO,in air

27
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Stable Isotope Ratio Mixture Generator development
assessed by FTIR measurements

(RSD < 0.015% for 34.86 °C; RSD < 0.1% for 0.2 bar (150 Torr)).

SIRM-Gen facility " " —
Measuring region and fitting by MALT
Tovacun To nnn =
pumy | ' M

L T T

le pressure 0.2 bar (150 Torr).

the region (3500 ~ 3900) cm™!
28 measured in the region of (2200 ~ 2310) cm™! .

& nd 6.
Differentiating samples with different §'°C and 5'°0
% R 1 s

Schematic diagram of SIRM-Gen

facility developed at the
f pure CO, with known isotopic ral
oo

www.bipm.org

BIPM that will be used to
i ic ratios in carbon

Pure CO,

VS

Delta Ray

Delta Ray: a residual bias in the 6'3C and 680
measurements, which remained following the
implementation of the manufacturer’s calibration
procedure, was removed by the application of an
additional two point calibration (two CO, in air
standards with known but differing isotopic
composition). The resulting standard uncertainty
of measurements achieved was ug - prr= 0.02
%o and ugs;50 pr= 0.02 %o. ’

Pure CO,

28
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