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Introduction to GC-C-IRMS 

Gas chromatography-combustion-isotope ratio mass spectrometry 
(GC-C-IRMS) is a powerful technique for compound specific isotope 
ratio analysis of mixtures of volatile compounds. GC-C-IRMS utilises the 
established technique of gas chromatography (GC) to separate mixtures 
of volatile compounds into their constituents. Chromatographically 
separated compounds are then combusted into simple gases (CO2 and 
N2) using a combustion interface. These gases can then be introduced 
into the ion source of an isotope ratio mass spectrometer (IRMS) and 
analysed. CO2 and N2 gases are analysed to yield the 13C/12C ratio and 
the 15N/14N ratio respectively of the original compounds. The technique 
is used in a broad range of applications such as the oil and gas industry, 
environmental science, and doping in sports.
 
Nu Horizon - GC coupling
 
Nu Instruments couple the Horizon IRMS with the Agilent 7890B using 
a custom-built GC-Interface. The GC-Interface is designed with user-
friendliness and low cost of ownership in mind.  Key to this, the Nu GC-
Interface utilises large outer diameter alumina tubes for both pyrolysis 
and combustion applications, to give long lifetime and make changing 
of reaction tubes easy. The large volume heated transfer box allows 
the user ease of access, while making connections to reaction tubes 
without disturbing the GC columns or even opening the GC oven. The 
Horizon GC system is shown below in Figure 1:

Figure 1.  The Horizon GC system

Horizon GC performance: Indiana University n-alkane mixture B4 

To demonstrate the stability, accuracy and linearity of the Horizon GC 
system, the certified Indiana University “n-alkane mixture B4” (B4 mix) 
was analysed. Details of the certified standard can be found at: 

https://arndt.schimmelmann.us/n-Alkanes.html

B4 mix consists of n-alkanes in varying concentrations from C-16 to 
C-30. Repeat measurements of this standard allow us to quantify the 
reproducibility and linearity of the system as well as accuracy, since the 
δ13C of each n-alkane component is known.
 
An Agilent 7890 GC was used with a 60 m “DB-1” 0.25 mm ID column. 
The diluted B4 mix was injected splitless onto the GC column, such that 
the lowest and highest concentration n-alkane components gave 10 ng 
and 50 ng of C on the column respectively. After injection of the standard 
the GC oven was ramped at 5 °C/min from 60 °C to 325 °C (a typical 
temperature program required for analysis of oils). Each injection-
analysis cycle was repeated 10 times consecutively over a period of 11 
hours without maintenance or re-oxidation of the combustion reactor. A 
typical IRMS chromatogram is shown below in Figure 2. 

Figure 2.  Typical IRMS chromatogram of B4 mix; collected ion current is 

plotted against time. A reference gas peak at the start of the run is used 

to calculate the δ13C value of each compound.

The IRMS ion current at CO2 mass 44 and 45 (amu) is displayed. To 
process the data the Horizon software automatically calculates the area 
under each peak at mass 44 (A44) and mass 45 (A45). The ratio A45/A44 ≈ 
13C/12C after corrections for 17O. The δ13C value of each compound can 
then be calculated using the reference gas peak ratio.

GC-C-IRMS Using the Nu Horizon and Nu GC-Interface: 
certified n-alkane standard analysis
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External reproducibility

As the B4 mix was injected 10 times, the external reproducibility for 
each compound can be calculated. The 10 measured δ13C values for 
each compound are plotted in Figure 3. This illustrates a period of 11 
hours continuous measurement.

Figure 3. Measured δ13C value of each n-alkane in the B4 mix plotted 
against time.

From the Figure, we see the n-alkane δ13C values are stable over the 11 
hour period. The smaller peaks (e.g. C-16) appear noisier than larger 
peaks (e.g. C-20) as is expected. Average data and standard deviation 
for all 10 injections, as well as expected values are shown in the table 
below:

Figure 4. Average measured δ13C values for each n-alkane component 
of the B4 mix, and the standard deviation obtained for each compound.

The standard deviation for all n-alkane components of the B4 mix was < 
0.2 ‰. The 3 smallest (10 ng C on column) and 3 largest peaks (50 ng 
C on column) had an average SD of 0.16 ‰ and 0.08 ‰ respectively, 
showing that an increase in sample size improves the reproducibility. 

Linearity and accuracy

The measured δ13C values were plotted against their expected certified 
values to produce the calibration line shown in Figure 5 below. 

Figure 5. Measured δ13C of each n-alkane component in B4 mix against 
its expected certified value.

The Figure shows the Horizon GC system is accurate and faithfully 
reproduces the certified values of the standard. Also, the system is 
highly linear as δ13C values are unaffected by the 5-fold change in 
concentration of the components in the mixture. This proves the system 
as an excellent choice for GC-C-IRMS applications.


