
Journal of Chromatography A 1612 (2020) 460621 

Contents lists available at ScienceDirect 

Journal of Chromatography A 

journal homepage: www.elsevier.com/locate/chroma 

Short communication 

Separation of crocetane and phytane and measurement of their 

compound-specific carbon isotopic compositions 

Yankuan Tian, Zhao-Wen Zhan 

∗, Yan-Rong Zou, Zewen Liao, Ping’an Peng 

State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou, 510640, China 

a r t i c l e i n f o 

Article history: 

Received 22 August 2019 

Revised 9 October 2019 

Accepted 12 October 2019 

Available online 13 October 2019 

Keywords: 

Crocetane 

Phytane 

GC separation 

Compound-specific isotopic composition 

DB-17MS column 

a b s t r a c t 

Crocetane and phytane are two isoprenoids isomers with similar molecular structures and often present 

together in methane-seep sediments and some Palaeozoic crude oils. Their commonly co-elution on 

gas chromatography is challenging for quality and quantity analysis, making it impossible to determine 

their compound-specific isotopic composition, and thus, insight their geological and geochemical sig- 

nificance. A new gas chromatography method is reported here using a DB-17MS column (50%-phenyl- 

methyl polysiloxane as the stationary phase) that successfully achieved baseline separation of crocetane 

and phytane and can be used to accurately identify and quantify them on gas chromatography and gas 

chromatography–mass spectrometry. Routine steroids and terpenoids biomarkers can also be analysed 

simultaneously. Additionally, their compound-specific carbon isotopic compositions were also measured 

without matrix influence using this method. This is the first time that a simple chromatographic method 

for direct determination of compound-specific carbon isotopic composition of crocetane has been re- 

ported publicly. 

© 2019 Elsevier B.V. All rights reserved. 
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. Introduction 

Crocetane (2,6,11,15-tetramethylhexadecane; Cr) is an irregu-

ar tail-to-tail C 20 isoprenoid hydrocarbon ( Fig. 1 ). Its occurrence

s usually connected to methane-oxidizing archaea and sulphate-

educing bacteria and can be used as one of the diagnostic

iomarkers of anaerobic oxidation of methane (AOM) [1–4] . Cr was

lso inferred to have an origin from Chlorobi carotenoids and can

e seen as a potential biomarker for photic zone euxinia in high

aturity samples [ 5 , 6 ]. 

Phytane (2,6,10,14-tetramethylhexadecane; Ph) is the most dis-

ussed head-to-tail isoprenoid biomarker in crude oils and sedi-

ent organic matter ( Fig. 1 ). It can be used with pristane (Pr) to-

ether as Pr/Ph to indicate depositional redox conditions [7] . How-

ver, the proxy is often perturbed by thermal maturity and vari-

ble source input as well as co-elution with other isoprenoid hy-

rocarbons such as Cr with Ph [8] . Although Ph mostly originates

rom oxidation of the phytol side chain in chlorophylls during the

iagenetic process [9] , it can also derive from archaeal isopranyl

ipids [10] , with a plausible biological source of methane-oxidizing

rchaea [4] . 

The mass spectra of Cr and Ph are almost identical in the elec-

ron impact ionization (EI) mode ( Fig. 1 ), but there are still some
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iagnostic differences [8] . For example, Cr yields a relatively high

ntensity of m / z 169 and nearly no m / z 183 ions ( Fig. 2 ). They

an be identified by gas chromatography–mass spectrometry (GC–

S). Improved measurements can be obtained using the diagnos-

ic mass transitions of 197 → 127/126 and 169 → 126 for Cr and

83 → 127 for Ph by the gas chromatography–tandem quadrupole

ass spectrometry (GC/MS/MS) [11] . 

Cr and Ph often occurred in microbial carbonate deposits

1] and some Palaeozoic crude oils together [ 5 , 12 ]. Because of their

imilar chemical structure, Ph and Cr often co-elute on most cap-

llary columns, which interferes with their quantitation and iso-

ope determination [ 5 , 8 ]. Their co-elution highlights the need for

ery careful identification and quantification of the trace amount

f one isomer in the presence of higher amounts of another,

ven when using the GC/MS/MS. Baseline separation of Ph and

r on gas chromatography using different columns has been re-

eatedly tested without an effective solution [ 13 , 14 ]. Chiraldex

olumns with cyclodextrin-based stationary phases provide a fea-

ible method for baseline separation of Ph and Cr [15] . Recently,

paak et al. [16] successfully separated Ph and Cr with a resolution

R) of 1.0 by a one–dimensional gas chromatography (GC) method

sing a DB-1701 column. They also provided a comprehensive two-

imensional gas chromatography chiral method, which is capable

f separation of Cr and Ph in whole oils without any pre-separation

ork. 

https://doi.org/10.1016/j.chroma.2019.460621
http://www.ScienceDirect.com
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2019.460621&domain=pdf
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Fig. 1. Chemical structures and major mass fragments (electron impact ionization) 

of crocetane and phytane [17] . 
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Stable carbon isotope compositions ( δ13 C) of Cr or Ph provide

insights into their biological sources and can be used to trace back

into the geological record [ 17 , 18 ]. For example, the extremely 13 C

depleted of Cr can be used as a specific marker for the process of

anaerobic oxidation of methane [19] . The δ13 C of Ph is also helpful

to study microbial diversity [18] . However, commonly co-elution of
Fig. 2. Total ion chromatogram (TIC) of GC–MS for the different analytes (left), magnifi

and 183 mass chromatogram of analyte D and mass spectrum of Cr and Ph (right). A to

calculated based on [22] . 
r and Ph makes it impossible to directly measure their individ-

al carbon isotope ratios [17] . So far, few effective chromatographic

ethods have been reported for the direct determination of δ13 C

f Cr and Ph in a sample [ 15 , 16 ]. The δ13 C values can only be in-

erred indirectly by measuring the δ13 C of Pr and the combined

h/Cr peaks, assuming that the δ13 C of Pr and Ph are equal, and

alculating the δ13 C of Cr by difference [17] . Otherwise, only the

table carbon isotope composition of combined Ph/Cr is discussed

 1 , 13 ]. 

Here, we report a one-dimensional GC method for the separa-

ion of Cr and Ph using a conventional non-chiral column with a

ame ionization detector (FID) and mass spectrometry (MS) de-

ector. This method provides an ideal and simple way to directly

etermine the compound-specific carbon isotope ratios of Cr and

h avoiding their mutual interference and without too much pre-

reatment. 

. Materials and methods 

.1. Materials 

Some authentic standards and artificial mixtures were used in

his work ( Table 1 ). The analyte E is the saturated fraction of a
ed partial chromatograms for the Cr, Ph, and n -C 18 (middle), and partial m / z 169 

 F are the different analytes ( Table 1 ). Cr = crocetane, Ph = phytane. R is resolution 
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Table 1 

Details of the analytes. 

Code Analyte composition Producer or references 

A n -C 7 to n -C 30 SUPELCO (Bellefonte, PA, USA) 

B Cr (Crocetane, 99.5%, CAS NO. 504-44-9) Chiron AS (Trondheim, Norway) 

C Ph (Phytane, CAS NO. 638-36-8) TRC Inc.(Toronto, ON, Canada) 

D n -C 7 to n -C 30 , Cr and Ph Artificial mixing of A, B and C in this work 

E Saturated fraction from a crude oil Sample ID Gao898 [20] 

F Cr and Saturated fraction from crude oil Artificial mixing of B and E in this work 
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Fig. 3. Partial gas chromatogram (GC–FID) of the mixture of Cr, Ph, and n -alkane 

standards (analyte D) and the saturated fraction of a crude oil spiked with addi- 

tional Cr standard (analyte F). Cr = crocetane, Ph = phytane. R is resolution calcu- 

lated based on [22] . 
rude oil originating from a lacustrine source rock [20] , which

acks Cr but contains a certain amount of Ph. The analyte F is a

ixture of the saturated fraction (E) and the authentic standard Cr

B). Analytes D and F were used to verify the accuracy of isotope

easurements of Cr and Ph at different concentrations with mu-

ual interference. 

.2. Apparatus and methods 

GC–MS analysis was performed on a Shimadzu GC–MS QP2010

ltra, equipped with a DB-17MS column (60 m × 0.25 mm i.d.,

.25 μm film thickness, 50%–phenyl-methyl polysiloxane as the

tationary phase). The GC oven was held isothermally at 40 °C for

 min, then ramped at 10 °C/min to 120 °C, and finally ramped to

00 °C at 3 °C /min holding for 30 isothermal. Helium was used

s the carrier gas with a constant flow of 1.0 ml/min. The inlet

emperature was 290 °C. The ion source was operated in EI mode

70 eV) with a source temperature of 230 °C. The mass spectrom-

ter measurements were acquired in both selective ion monitoring

SIM, m / z 113, 127, 169, 183, 197, 191, and 217) and full scan modes

n the scanning range from 50 to 550 m / z . The GC–FID analysis was

erformed on a Shimadzu GC QP 2010 Ultra. The GC conditions

ere the same as for the GC–MS analysis. 

The compound-specific carbon isotopic composition ( δ13 C)

nalysis was performed on an Isoprime IRMS instrument interfaced

o a HP6890 GC via a combustion interface (GC–IRMS). A mixture

f standards of n -alkanes (C 12 , C 14 , C 16 , C 18 , C 20 , C 22 , C 25 , C 28 , C 30 

nd C 32 , from A. Schimmelmann of Indiana University) was mea-

ured one or two times daily to monitor the accuracy of the GC–

RMS system. The instrument requires that the δ13 C of each com-

ound must be within ± 0.5 ‰ of the standard value. Except for us-

ng a 90 m DB-17MS column, the GC conditions were the same as

or the GC–MS analysis. Every sample was analysed at least twice,

nd the deviation for the two runs was no greater than 0.5 ‰ for
13 C. The average for the two runs of each sample was reported

elative to the VPDB standard. 

. Results and discussion 

.1. Separation of Cr and Ph 

Three standard analytes A, B, and C were analysed by GC–MS

espectively to confirm their elution sequence, in the order of Cr,

h, and n -C 18 on the DB-17MS column ( Fig. 2 ). The elute sequence

s clearly different from HP-5MS [21] , DB-1701 [16] , and chiral

olumns [11] . This is mainly attributed to the polarity difference

nd the mutual interactivity between the column and the target

nalytes. 

Ph and Cr have common diagnostic fragment ions such as m / z

9, 113, 127, 141, 155, and 197 ( Fig. 2 ). Additionally, Ph yields sig-

ificant m / z 183 ions, while Cr yields nearly no m / z 183 ions. De-

pite of the different relative intensity of m / z 169 to 197, the ac-

uracy of quality and quantity of Ph and Cr will be discounted a

ot using the common diagnostic m / z 169 ion. Here, baseline sep-

ration of Ph and Cr was achieved on a DB-17MS column ( Fig. 2 ).
he resolution (R) for Ph and Cr in the mixed standards D reached

o 1.3 using the calculating equation reported by McNaught and

inkinson [22] . The resolution reported here is obviously compa-

able with results using varieties of cyclodextrin stationary phase

15] and DB-1701MS columns [16] , and is much better than con-

entional columns [21] . 

Cr was not detected in analyte E. Baseline separation of Ph and

r was achieved in analyte F (R = 1.2, Fig. 2 ). Meanwhile, the res-

lution for Ph and n -C 18 reached 3.9. The mass fragment ions and

etention time of Cr and Ph are consistent in mixed standard D

nd analyte F ( Fig. 2 ), indicating that no other compounds, such

s straight-chain or branched-chain alkanes, cycloalkanes etc. in

he saturate fraction of crude oil, might co-elute with Cr and Ph

n this column. The excellent separation performance allows for

ccurate quality and quantity analysis of Ph and Cr. Furthermore,

outine biomarkers of high molecular weight or boiling point can

e eluted on the same column with one injection because the

aximum temperature of DB-17MS reaches 325 °C and is equal

o the common columns (e.g., HP-1MS and HP-5MS columns).

his facilitates quality and quantity analysis of routine biomark-

rs, Ph, and Cr in one GC–MS analysis. The eluotropic sequence

f hopanes and steranes is slightly different from that on the

ommonly used columns because of the different phase polar-

ty. The detailed differences in eluotropic sequence require further

esearch. 

Cr, Ph, and n –C 18 in analytes D and F can also be effectively

eparated by GC–FID with the DB-17MS column ( Fig. 3 ). The per-

ect normal chromatographic peak shape and consistence retention

ime of Cr and Ph in analyte F compared with the standard sam-

les (B, C and D) indicate that they have little possibility of co-

lution with other compounds in the saturate fraction by the chro-
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Fig. 4. Partial m / z 44 and 45 mass chromatograms of gas chromatography–isotope ratio mass spectrometry (GC–IRMS) for the analytes D and F. Cr = crocetane, Ph = phytane. 

R is resolution calculated based on m / z 45. 

Fig. 5. Carbon isotope composition ( δ13 C) of Cr and Ph in different analytes (A to F). Cr = crocetane, Ph = phytane, STD = standard. 
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matographic method ( Fig. 3 ). The resolution of Cr and Ph reached

1.5, and for Ph and n -C 18 reached 4.4 in analyte D, and 1.4 for Cr

and Ph and 4.4 for Ph and n -C 18 in the artificial mixing analyte F.

Regardless of the relative contents of Ph and Cr (Ph > Cr in ana-

lyte D, while Cr > Ph in analyte F) and the interference from other
ompounds such as high abundance isomer alkanes and biomark-

rs, the resolutions for Cr and Ph are very close in analytes D and F

R = 1.5 and 1.4, respectively). This indicates that the relative abun-

ance of Cr and Ph, and the matrices have little influence on the

esolution of Cr and Ph. Therefore, the GC–FID method reported
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ere can be used to quantitatively analyse Cr and Ph in other com-

lex samples. 

.2. Compound-specific carbon isotopic composition of Cr and Ph 

Nearly baseline separation of Cr and Ph was also achieved on

B-17MS column for GC–IRMS. The resolution of Cr and Ph in ana-

ytes D and F reached 1.0 and 1.1, respectively ( Fig. 4 ). The separa-

ion of them by this chromatographic method of GC–IRMS allows

or measurement of their compound-specific isotopic composition

 δ13 C, Fig. 5 ). The δ13 C of Cr in analytes B, D, and F are –18.3 ‰ ,

17.9 ‰ , and –17.9 ‰ , respectively, with relative standard deviations

RSD) of 0.23%, indicating that the relative abundance of Ph will

ot interfere with the isotope results of Cr. The δ13 C of Ph in ana-

ytes C and D are –33.5 ‰ and –34.0 ‰ , with RSD of 0.35%. The δ13 C

f Ph in the saturated fraction of the crude oil is –29.9 ‰ , and after

ixing with the standard sample of Cr, the δ13 C of Ph is –30.5 ‰ ,

ith RSD of 0.45%. The consistency of the δ13 C of Ph indicates the

ddition of Cr or the relative abundance of Cr does not influence

he measurement of the δ13 C of Ph. 

Previous measurement of δ13 C of Ph and n -alkanes often need

urther urea adduction or molecular sieve to separate n -alkanes

nd iso- and cyclic-alkanes after the group fractions, and then the
13 C of n -alkanes and isoprenoids will be tested separately by GC–

RMS [ 23 , 24 ]. Here, the δ13 C of the paraffin compound ( n -C 10 to

 -C 30 + ) can also be analyzed in a single run. For example, in the

nalysis of E and F, the δ13 C of n -C 18 alkanes are –27.6 ‰ and –

7.8 ‰ , respectively ( Fig. 4 ). This method will facilitate the analysis

f compound-specific isotopic compositions of these compounds

imultaneously. 

. Conclusions 

Baseline separation of Ph and Cr was achieved on a DB-17MS

olumn by GC–FID or GC–MS. It solved the difficulties in qual-

ty and quantity of Ph and Cr caused by their co-elution. It sup-

lies a possible method to analyse routine biomarkers with Cr at

he same time. Furthermore, this method can also accurately mea-

ure the compound-specific carbon isotopic composition of Ph and

r. Meanwhile, the δ13 C of normal alkanes can be measured to-

ether, avoiding time-consuming sample preparation and losses of

ow boiling-point compounds. The δ13 C of Cr and Ph will be con-

ucive to explain their origins and further unearth their geochem-

cal implications. 
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