
Accepted Manuscript

Development of new method for D/H ratio measurements for volatile hydrocarbons of
crude oils using solid phase micro-extraction (SPME) coupled to gas chromatography
isotope ratio mass spectrometry (GC-IRMS)

Zhongping Li, Liwu Li, Lantian Xing, Yan Liu, Mingjie Zhang, Xibin Wang, Chunhui
Cao, Zuodong Wang

PII: S0264-8172(17)30018-1

DOI: 10.1016/j.marpetgeo.2017.01.008

Reference: JMPG 2786

To appear in: Marine and Petroleum Geology

Received Date: 1 September 2016

Revised Date: 10 January 2017

Accepted Date: 12 January 2017

Please cite this article as: Li, Z., Li, L., Xing, L., Liu, Y., Zhang, M., Wang, X., Cao, C., Wang, Z.,
Development of new method for D/H ratio measurements for volatile hydrocarbons of crude oils using
solid phase micro-extraction (SPME) coupled to gas chromatography isotope ratio mass spectrometry
(GC-IRMS), Marine and Petroleum Geology (2017), doi: 10.1016/j.marpetgeo.2017.01.008.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.marpetgeo.2017.01.008


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Development of new method for D/H ratio measurements for volatile hydrocarbons of crude 

oils using solid phase micro-extraction (SPME) coupled to gas chromatography isotope ratio 

mass spectrometry (GC-IRMS) 

Zhongping Li 
a,b*, Liwu Li

 b
, Lantian Xing 

b
,
 
Yan Liu

b
,
 
Mingjie Zhang 

a
, Xibin Wang

 b
,
 
Chunhui Cao 

b
 Zuodong Wang 

b
 

a 
School of Earth Sciences and Gansu Key Laboratory of Mineral Resources in Western China, Lanzhou University, Lanzhou 730000, China 

b
 Key Laboratory of Petroleum Resources Research, Institute of Geology and Geophysics, Chinese Academy of Sciences, Lanzhou 730000, China 

Corresponding author 

 E-mail address: lizhongping@lzb.ac.cn  

Highlights 

 The hydrogen isotope fractionation was not observed  

 The D/H analytical errors range from 0.8‰ to 4.2‰ 

 SPME-GC/IRMS is efficient for δD analysis of volatile hydrocarbons 

Abstract: In compound-specific isotope analysis (CSIA), one major challenge is the 

effective sample treatment and the isolation of sufficient amount of analytes for 

accurate measurements for isotope ratios. The hydrogen isotope ratio (D/H) of normal 

level hydrocarbons in crude oils has been successfully used as an isotopic  tracer in 

oil-oil and oil-gas correlations, but little progress so far has been made for small size 

hydrocarbons (C6-C15). In this paper, we presented a novel method for sample 

treatment and achieved the D/H ratio analysis for these particular compounds. The 

method can be characterized as an efficient  approach featured by SPME (solid phase 

micro-extraction) coupled to GC-IRMS (gas chromatography-isotope ratio mass 

spectrometry). In this investigation, the CAR/DVB/PDMS fiber was evaluated and 

used as the absorptive material, and the operating conditions, including the extraction 

time (0.1 min ~150 min) and the extraction temperature (-30 °C ~ 140 °C), which 

may affect the adsorption amount, were carefully evaluated, and it was found that the 

adsorption yields varied considerably not only with the operating conditions but also 

with the molecular size. In addition, the possible hydrogen isotopic fractionation, 

which may exert strong influence on D/H ratios, were also discussed, it was found 

that the hydrogen isotopic fractionation were not observed in the extraction process, 

and the D/H ratios obtained via SPME-GC/IRMS were in good agreement with the 
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