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An Automatic Injection Device and the Method for Carbon and
Oxygen Isotopes Analyses of Carbon Monoxide
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Abstract: Carbon monoxide (CO) is an essential component of air, and it arises from anthropogenic
sources and natural sources. These different sources of CO have significant differences in carbon and
oxygen isotopic values, therefore the carbon and oxygen isotopic composition of CO is important for
the sources and sink of CO in environmental research. In addition, the isotopic composition of CO in
coal beds can help to explore the origin and deposit of coal, the self-heating and spontaneous
combustion of coal, which benefits for coal mine safety management. At present, CO isotopic
compositions are mainly analyzed by optical spectroscopy or gas chromatography-isotope ratio mass
spectrometer (GC-IRMS). The optical spectroscopy method is mainly used in the studies on
theoretical CO isotope effects, but its analytical precision is low. GC-IRMS for CO isotopic
composition analysis usually requires manual injection, resulting in low efficiency, and it is easily
influenced by operation. Meanwhile, both N, and CO, will produce interfering ions and affect the

accuracy of CO isotope analysis. In this study, a device of automatic CO gas separation, purification,
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and injection was developed and combined with IRMS for determination of isotope composition of
CO. The impurities, CO, and water molecules in the mixed sample gas were discharged by Nafion
tube and a liquid nitrogen cold trap. After nitrogen and CO were separated by MolesiveSA
chromatographic column, nitrogen was eliminated by valve switching technique, and therefore only
the purified CO entered the IRMS for analyzing. By calling the reserved interface of IRMS, the
automatic lifting of the cold trap and switching of the 8-pass valve and 4-pass valve was realized. The
CO gas concentration and the total peak area of ions at m/z 28, 29 and 30 show a good linear
relationship with the correlation coefficient (R*) of 0.999 when the CO gas concentration ranges from
300 to 20 000 pL/L. The standard deviations of §"°C and ¢'°O are within 0.4%o when the CO
concentration is between 1 000 and 20 000 pL/L. In the repeating analysis of a long term (about
6 months), the results of 5"°C and 40 of 4 000 pL/L CO standards are stable and the standard
deviations are 0.26%o and 0.47%o (7=20), respectively. The standard deviations of 6"°C and ¢'°0O of the
CO in natural samples from Coal Bed Methane are less than 0.5%o. Based on the above test results,
the conclusions can be obtained that the accuracy and stability of the automatic injection equipment
coupled to IRMS meet the requirements for the determination of carbon and oxygen isotopes in CO.
However, when CO gas concentration is lower than 1000 uL/L, the carbon and oxygen isotope
analysis are greatly biased by IRMS. Further protocol is needed to improve the accuracy and precision

of isotopic analysis for low-concentration samples.
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Fig. 1 Schematic diagram of CO gas automatic purification and injection device

1 2

)

CL) mrm
|

WL 37 1

3 4 5 6

B2 HeftASKETEHE
Fig.2 Schematic diagram of He supply



346

B e 4R Hae

+, Nafion 8 ) &4 B AN, ¥ B 41 ik AN
£ 0.75 mm ANEEWAEIHR AW A, #E— 2P ZBR
CO, il H,0.

J\GH R FH T U0 48 26 2 R R 2 B A
SIS AL 100 L EHEFR . MolesiveSA
gEAE L 2 B He 1 2 B HEZS, JTIH FH Bk 93 28 42
REEHIPAET Ik

3% A L DU i (N, A CO 7y B Bl 25 %
B BTN, X CO B SR 2% 5 e A K
T B PR L B RS, R R A BRI R G
F F MolesiveSA i A6 N, fil CO 08, 35
VU3 1] FH-HE 25 A% 3% 422 S I I D) g, 9] HH S5 i
B 42 10 955 1) U 3 R ) 1 4
1.5 CORERMARBMENXRERFZH

CO A A K I 1% He( 24 0.5 mL/min) WX i,
i 1 Nafion B BR/KE, AENEFRABA T, &
I CO, ARG EE LS, AN F-1E A 1 20 033
Feo A5 HY CO SR HEAE T 3R, 50 1
IREFE] S 120 s BEJE, 4 /\G i U] 4 2 gk e A
X, = I A Ak 5 09 R s A R B He(2y
1.2 mL/min) % % & MolesiveSA {4 i #+ (3 i&
30 °C), VU3# )4 2= MolesiveSA 4 #E 5 HE%S
% . HIE N, 7E MolesiveSA {815+ A4 4 B4 B
], 2 N, 584 HE2S 5, BRI PU3E 1 (£ 300 s),
fiff MolesiveSA {031 £ 15 Nafion & #13% , BR /K J5
CO HE A SRR E [F) 3 28 B, M3 m/z 28 29
30 &5, I Hak AR R . DL CO prife
SRR BE R B AR A, m/z 28, 29 i1 30 (1 U6 i B
Z RN AL AR, HEST CO W B A ol 28, FH T
WA ST COMREE
1.6 HHEabiE

5"C {E A VPDB(Vienna Peedee Belemnite) [
BRARENE 2% i, #eX (1) T
R(C/Coampre)
R(BC/"Cyppp)

A, R(OPC/PCyppy) N H Frbr EY) VPDB (185 [
7 28 JE HUAE, 6"C 8 1950 Brks FE h£0.5%o

50 {H LA VSMOW 1 & % Fr i, X (2)
R

siC=

—I}XIOOO (DO

R(Igo/wosample)

—
R(**0O/'"*Oysmow)

60 = x 1000 2

A, ROPO/ Oysyiow) R i B S8R 5 R0 3K L

B A XF 2 2% ) 0 s o SF- 29 168 7 K (VSMOW) 1)
AFaE R & R T3 22, "0 (E A4 T kG
H+0.5%o0

2 H#ER5iTie
21 COSEKEIHAFEIBANUREREREN
izt

SRR 22 45 T R I TR R 0 50 )
HEAT R CAR R 2 o A R v, B AR G R
J1oV-A5 . B e, FF He R 1 2 H % 1.03x10°Pa, 4
TEEANE BRI RS = T 1 SRR 2=
W, ¥ He 5324 6 ¥, Il i 4245 1 AR A
JERE W R AR Ty o Horh, 1 S O N AR
0.5 mm, & 1 m i peek &, #H/GEK, HTF
AT RS, T8 U Y B A € 1A
FT 3 34 1.2 mL/min; 2 5 1 3 5 8 13 8 N 12
0.1 mm, K J&¥ 2 m Y peek &, 73| % 2 FEAE £ AN
NI R, AR TR A R /A R ) M
4 0.5 mL/min; 4 545 % H A2 0.12 mm, KB
3 m 1Y peek B, 3% VU I [, 1% % TR ) A
SR O ) A — 2, ¥ 1.2 mL/ming
5 S 6 S AR 0.12 mm, K 2m Y peek
A, 4 2 4~ Nafion BR/K B, i3 & 2.5 mL/min.
22 CO St Bk

FIFH MolesiveSA B35 A1 N, F1 CO <R 4
B, A HES Ny FHESS N, I I B 5 5 s E
3a. 3b,

H 1 3a AT L, N, 6 5 CO W [R] BB 2 163 s,
] MolesiveSA 1%+ 73 2§ N, Fl CO 1Y %R
I Hop, N, (5 S5 M, m/z 28 W5 S (E T
A I R, BP0, O BN, AR TR
Ji, Ny FL O, 76 B F U b 25 7= 2k m/z 30 (“N'°0")
TP B T, XF CO m/z 30(PCO7) =,
m/z 30/28 LUABL &35 AT LAE Y, 06 f5 0% sl 1l
B 3. PR, 7 R ST PR B R, T B
N, Bt HESs, i HORTE A T 5 7 U5

H1 &1 3b AT LA Y, 38 2o DU R R PN,
Hezs I, v LA RLRBR N, T4, H 78 ot B ad 7
, 1 Nafion & F1K & 2 B B 2 H,O 1 CO,, %
LM miz 3028 WAH B FeE , RIR G &
CO glifb &Gt ), 1 el 1
23 CO RMIEAZFKWHR

# 100~20 000 uL/L CO # i S AR e e BE



B3 AN —EARERUR A S B IR R A

347

16 F
a = 30/28
: W}\\/\—Wﬁ
s 8|
&
0 L
x10%
6 243.90 228 =29 m 30
2
R 4 -
5
g 2t
45.98 85.90125.61 164.07 404.02
0l = = L
T T T T
100 200 300 400 500
Time/s
1.8FDb = 30/28
2 14f
<
~ 1.0+
0.6t
x103
3k 45.77 85.89125.40 165.32 =28 m29 =30
2
g2r COl
8
E L 419.25/
0
T T T T T
50 150 250 350 450
Time/s
T a. R PR Ny b EZBRN,

E3 N,fcCo

RASUXEEL
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Fig. 5 Test results of carbon and oxygen isotopes of CO at different concentrations
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Table 1 Test results of carbon and oxygen isotopes

of CO standard gas

ik H 4

Date BCypps/%o "Oysmow/%o

20230721 —20.51 14.89
—20.44 14.46

-19.91 14.49

-20.32 14.81

20230809 -20.08 14.85
-20.18 15.06

—20.41 14.52

-20.45 14.30

20231011 -19.91 1427
—20.55 14.90

-19.95 15.26

-19.97 14.30

20231124 —20.05 14.34
-20.62 14.03

-20.20 14.41

-20.08 14.99

20240118 —20.76 15.70
-20.38 15.26

—20.05 15.71

-20.13 14.87

BN 2% /%0 0.26 0.47

BRESTH CO MERER M RMIXER

Table 2 Test results of carbon and oxygen isotopes of CO in natural samples from coal bed methane

H%[F{3 2 Carbon isotope

A IR{7 & Oxygen isotope

Sample No. Temperature/"C. CO concentration/(LL/L)  5°C,,. /%0 ARHERZE STD/%o(n=5) 3" Oysvow/%o FRIERZE STD/%0 (n=5)

*2
FEfMSS  RIMIRE CORE
S1 60 1118.46 ~20.62
S2 80 2786.53 -21.07
S3 120 5134.80 ~22.76
S4 160 8311.34 -26.11

0.27
0.33
0.25
0.22

30.11
28.04
25.62
21.31

0.38
0.45
0.20
0.32
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