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Abstract; Methane (CH,) clumped isotope analysis plays a crucial role in the fields of climate change, energy
exploration, and planetary research. The purity of CH, in samples directly affects the precision and accuracy of
high-resolution mass spectrometry in clumped isotope analysis. Addressing the challenge associated with enriching
and purifying CH, components in gas samples, this study optimized conditions such as carrier gas line speed and
sample injection volume based on the principles of gas chromatography ( GC) component separation, with real-
time monitoring of component peak shapes. Additionally, the recovery rate was quantified using an external
standard method and purity was verified through GC component analysis to ensure the effectiveness of the purifi-
cation process. By optimizing the chromatography—vacuum low-temperature enrichment preparation method, the
optimal carrier gas line speed for the IBEX system was determined to be 12 ml./min, with a CH,injection volume

less than 12 mL. This facilitated visualization of GC peak shapes, thus ensured that the CH, peak was essentially
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separated from the adjacent N, interference peak, achieving high-purity enrichment of the CH, single component.

When the CH, content in gas samples was less than 70% and the air content was high, secondary purification was

required to improve CH, purity. The causes of CH, isotopic fractionation during purification using adsorbents like

5A molecular sieves were discussed, and extending the CH, collection time was proposed to eliminate the inter-

ference from the 5A molecular sieve. Currently, this method requires approximately 90 min for a single purifica-

tion process, with CH, recovery and purity ranging from 90.1% to 95.7% and 97.3% to 98.9%, respectively.
The differences in isotopic composition (8" Cyppy and 8Dygyow , A”CH,D, and A”CH,D,) are all less than the

analytical error of the mass spectrometer, making them almost negligible.

Key words: CH,; gas chromatography; purity; recovery rate; isotopic fractionation
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Table 1 Comparison of isotopic composition
of methane gas sample SG-1 before and after purification
8B Cyppp/ %o 8D ysyow/ %o ABCH;D/%e  AZCH,D,/%e  FEGEL
I f -43.23 -182.78 2.65 2.14 5
afifb)5 -43.30 -182.82 2.91 1.50 5
*2 BEBTHSLEANSEET R I EIWE R 54 E R
Table 2 Recovery and purity data of methane after purification
of gas sample by varying carrier gas line speed
‘ ISTVNE S VIR T8 3 Y Sika i/
PRl mL C (mL/min) 0 N CH % BLf/ %

2 2 4
SG-1 6 30 30 80.8 310.2 22 3729 82.1 98.3
MG-20% 6 30 30 183.4 3020.3 18 167.3 83.6 85.0
SG-1 6 30 20 99.1 347.4 23 279.6 85.5 98.1
MG-20% 6 30 20 187.2 1 .804.5 18 913.2 87.1 90.5
SG-1 6 30 15 145.9 408.3 24 157.7 88.7 97.8
MG-20% 6 30 15 195.7 1076.7 19 235.5 88.6 93.8
SG-1 6 30 12 112.2 353.6 25 940.1 95.2 98.2
MG-20% 6 30 12 177.3 415.1 20 831.4 95.9 97.2
SG-1 6 30 10 136.8 348.1 25 673.3 94.2 98.1
MG-20% 6 30 10 189.5 394.4 20 374.8 93.8 97.2
SG-1 9 30 12 92.7 384.2 38 221.7 93.1 98.8
SG-2 9 30 12 109.8 401.1 18 284.2 95.0 97.3
SG-1 12 30 12 112.4 434.1 47 589.2 86.8 98.9
SG-2 12 30 12 87.3 397.5 24 442.7 94.8 98.1
SG-1 18 30 12 124.4 468.3 70 179.5 85.1 99.2
SG-2 18 30 12 97.6 445.8 36 950.7 95.1 98.6
MG-10% 8 30 12 128.4 331.3 30 912.2 94.4 98.5
MG-20% 8 30 12 133.6 358.2 27 098.3 93.2 98.2
MG-30% 8 30 12 115.1 3197.8 23 289.8 91.7 87.5
MG-30%-2nd 8 30 12 88.3 405.6 22 868.9 90.0 97.9
MG-50% 8 30 12 150.9 5 266.9 16 851.1 93.4 75.7
MG-50%-2nd 8 30 12 73.6 409.4 16 491.9 91.4 97.2

TE RS T, T4 RN SRR N, &, “2nd” B8 —ikalifl,
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Fig.5 Relation curve between plate height
and carrier gas line speed for gas chromatography
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Fig.6 Peak broadening effect in gas chromatography
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(20 min) Xf CH, WAy FHessm, Pk, Jd 745
SRR R ka2 DR R CcH, 4l
B BoRaifb AR S AR O R Atk
GERRW AR CH, & s AHE R alife s, gl 45 )
IR 98% , ML HR L) 91% , ML, 45 ke CH,
Fr AR (s AR SR , AT k4l
LA AR CH,,

32 HiEkREAERARREmEZE

ST WSS CH, 2l Akt B b 6 A A AN 58 4
JUT i B [R5 28 A3 AR 40, 1] IBEX 3 A 8 mL 1
SG-1 B, E— Z B[ R A A) 7 A5 R FE i b
TR AR, IR B AR R AL (36 3) . 556
ZERFRM Y CH I/ NP A R E A (<12 mL)
i, CH, 7 29 50 min A RESE MLl . sk, Ui
HH 21 2 RO S ) SR 2 4 TR v 28 A e o, B
HHAFEARTM, 6" Cyppy BRI B AME,
B[R R B 0 o T L e Ok B AE R B AR ZR v 3
A S TR B Sk 1 338 [ 7 2500

SN, LAE A 98 6 B, CH, B T [/ 13 3 40 T

("CH,) HE[FINL 3R 4 F (2 CH, ) B T8 1 e
SRRSO, P CH A et e P TR
BE, M PE Graham & 72 2 CH, W™ B R S 1
BCH, i 3% A4, X g F: 3807 CH, 4 F I A e
W, {HJE: EAS AL, GUNTER 25 e85 <.
FHETE 5> B CH, IR R, & 8L CH, il
i1 13A ST e , VR0 Y R BRI X B AR C
STOLPER %" MIEFEA SA 430 A4 42 B v i
W CH, SFE, R 58 2 ff W i1 B0 R, 8" Cuppg
8D o 2 B S AR B 24 0.6%0  1.2%0, 47 L TR,
FE A TR) B 22 LA I B v O 5 58] S () e 4 T) o2
B, F X S A R v R 2 IR I R R 2
I, A BE—HETIE .

HAET, AR SR L AL
(R B HE A B B« S — B BOZ R I A 5 i
ITE LB B3 45 — B BeAwds 7 R, e %%
FRY B AL BRI ALY B, Ak T
AR IR BRI FL B DA B L oA =, L3 fL kAL,
RIIAZ (& CH, 72 KAL i B e sh s, W bt
I RE s R AEAEE AR 2018, T2 2 182 AN T
(B BE 15 LR 1) 5 R, ZE R TR A B 20T,
AT LAWEE BIAS [F] 18 [G A R A AR R AE i G 2 52
B MBS IS T CH, P Bl 2 b i ) 32 2% 43
WU IR SR Y HULE B Y BE S YR
REF7 A= W AR T 1.5%0 4[R2 2 2048, OF H 2 fig
AR R o A A a2 . FEIR
B 350 L B PR I 5 O —Fife i e P A e 5 0 (B 1
[ 28, R S LB N B G, X F
SA S PR LW BRI, R R 2 o T ek A T
N R AR Y v s A I KA 2 e S | N 1
AW FE IR B 0L A LR R FLFL B, [l
oA LA IAL BN BB AT
P, R R T e s A &

1% 3 W] B e AL 4R C L 24 30~
40 min 5 , [A 5 2 4 IF IR A W R E, H 2250 min

®3 BREATRS BB REANK

Table 3 Isotopic composition of CH, in inadequate recovery

SR ABU/mL REERAE/min R/ % /% 8% Cyppy/ %o
SG-1 6 5 36.3 98.1 -41.52
SG-1 6 10 54.0 98.6 -42.22
SG-1 6 17 69.4 98.4 -42.68
SG-1 6 30 88.6 97.8 -42.89
SG-1 6 40 90.2 98.0 -43.02
SG-1 6 50 94.1 97.5 -43.39

T :SG—1 MR L ALAL 8" Cyppyp—iniial =-43.26%o,
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SR ILT— 0, R A PO Bk B (0 e R 1o 2%
Ao R, Mok, Bk e Rk CH, R
AT UG B[R] 10 2R AR, Ay i e 2 A i e i 5 |
(1 [R5 28 0 AR ASONE , LB O CH FEAE PN R 552 I ]
AT 50 min, SE TR R R R 0T R

4 258

(1) ARSI T W1 () o 2R 23 A i A “URE AL
Al T g —r s R B AR 2l k CH, BT
UL SRR IR SR 25 SRR W, 2 GC AEAR
TR Y 30 CHY, Fe L4 12 mL/min,
2 CH, R KT 12 ml &AL CH, WA B4
H RSN ) WS AT 2 i, TR AR N, 5 CH, 70 85 B 3
W [P, AN, S5 SR CH, & R T 70% 1M 25
SR T kA, e TR
BESRIXT CHL, IR0z 22 36 11 4318, SA 43 70 23 k5
MR B8 [ 7 2% 3 DT 3 ol 4 A i SR I i s 4
H[ALR , R RIRINGR I Y AR CH AR I [A]
(50 min) , PRAEFR [ 2 535 B i ORI

(2) HAT, (i —F s R SR 4lifk il % CH,
1 W% R 90. 1% ~ 95.7% , 40 J¥ i 3k 97.3% ~
98.9% ., BUiksrtraifb/s CH,ARE, H R A7 R 24 L
(8" Cyppp 1 8D yyow AP CH, D FI A”CH,D,) By %
SN T BOEA riR 22, JLF- T Z AT

B . 70 B T F Simon Davis 7 IBEX %
% R B AR R By )
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