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δ18O analysis of nitrogen containing 

materials using the vario PYRO cube

Introduction

Nitrogen containing materials are often difficult to analyse for oxygen isotopes

because N2 is produced slowly during pyrolysis and can trail into the CO sample

peak. In order to eliminate N2 interference in the CO sample peak, the vario PYRO

cube uses column flushing to divert the trailing N2 peak into a vent while a fresh

flow of He is used to desorb CO from the ‘purge and trap’ column (Figure 1).

Without column flushing N2, produced during pyrolysis, overlaps the background of

the CO sample peak (Figure 2A). However by flushing the column N2 is completely

separated from CO and the background before the CO peak is flat (Figure 2B).

This application note presents results from analyses of various nitrogen containing

materials including: caffeine, keratin and nitrates on the vario PYRO cube coupled to

an IsoPrime100 IRMS.
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Figure 1. During column flushing the source of the He carrier  gas is switched  from ‘Analytical He’ to ‘Flush He’ when CO 

is desorbed from the ‘purge and trap’ column.  

Figure 2. A.  TCD chromatogram of caffeine analysis without column flushing demonstrating  N2 interference into the CO 

sample peak. B. TCD chromatogram of keratin analysis with column flushing demonstrating effective separation of N2

and CO peaks 
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Samples were analysed using reactor packing optimized for oxygen analysis (Figure 3). Reactor packing lasted for at

least 2,000 samples without the need to change chemicals. The glassy carbon tube is inserted inside a ceramic tube

and they are sealed together using caps and o-rings (Figure 4).

The area between the glassy carbon tube and the ceramic tube was blanketed by a stream of He, separate from the

analytical He flow (Figure 1). A column flushing delay of 75 seconds was used and a flush time of 220 seconds to

completely remove the influence of co-produced N2 (Figure 5). The ash finger was emptied every 250-300 samples

(4x3.2mm silver capsules) and analytical He flow was 125mL/min.

The method parameters – delays, anticipations and flush timings as well as the desorption temperature for the CO

column are all listed in table 1

Methods and Parameters

Figure 3. Glassy carbon reactor tube packing for O optimized mode 

includes 50mm of carbon black and 35mm of glassy carbon chips.   

Figure 4. Glassy carbon reactor tube inserted into a ceramic 

outer tube, held together by sealing rings at both ends.

Furnace Packing Configuration

1. Ash Finger (200mm)

2. Graphite felt (one layer)

3. Carbon black (50mm)

4. Graphite Felt (one layer)

5. Glassy carbon chips (35mm)

6. Quartz wool (10mm)

7. Plug bottom

8. Support tube (60mm)

Inner glassy carbon 

reactor tube

Outer ceramic 

tube
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Table 1 – IonVantage method parameters used for oxygen pyrolysis data collection.

N2 and CO separation

Using the column flushing feature of the vario PYRO cube, the N2 and CO produced from samples is well separated

during analysis (Figure 5). Where N2 and CO peaks overlap one another, using traditional EA desorption techniques

(Figure 2A), then the CO value will ultimately contain interference from mass 28 N2. It is therefore extremely important

that N2 and CO separation is robust (Table 2).

Parameter Description Time Delay (secs) Temperature (°C)

Autozero delay dummy 3 -

Autozero delay O 5 -

Peak anticipation dummy 120 -

Peak anticipation O 150 -

Desoprtion of CO column - 120

Back flush time 220 -

Back flush delay 75 -
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δδδδ18O analysis of caffeine

Caffeine (IAEA-600) was analysed on 4 separate days to demonstrate the long term analytical precision of nitrogen

containing materials. During the four days of analysis, the only maintenance completed was emptying of the ash finger

every 250-300 samples (4 x 3.2mm silver capsules). As well as standard IAEA-600 other samples, a mixture of organics

and inorganics, were analysed. Overall precision, across all 4 days, was 0.28‰. The samples were normalized using

waters, W102721 (δ18O of -3.15 ‰) and W102779 (δ18O of 21.0 ‰) cold sealed in silver tubing as in Qi et al, (2010).

Figure 6. δ18O analysis of caffeine (approximately 800µg) on 4 sequential

days of analysis on the vario PYRO cube.

Figure 7. Calibration using W102721 (δ18O of

-3.15‰) and W102779 (δ18O of 21.0‰)

Gas RT (Sec) Major Height (nA) 30/28

N2 274.8 0.59 -972.47‰

CO 610.4 11.94 16.48‰

Table 2. δ30/28 of N2 and CO produced from the  pyrolysis of keratin.

Figure 5. IonVantage trace of 30/28 and m/z 28 of N2 and CO produced from the pyrolysis of keratin.
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-3.23‰

-4.15‰

δ13C = -3.61

Std Dev. = 0.28



Nitrate standard USGS 32 (KNO3) USGS 34 (KNO3)

True Value (‰) 25.70 (IAEA) -27.78±0.37 (Brand et al., 2009)

Average Measured Value (‰) 25.66 -27.46

Standard Deviation (‰) 0.13 0.19

Number of Repeats 7 6

δδδδ18O analysis of nitrate

Nitrate salts (260µg) were analysed to determine the accuracy and precision of δ18O analysis using the vario PYRO cube and

Isoprime100 combination. During pyrolysis it was found that improved performance was obtained when a carbon black additive was

aliquoted into the silver capsule (4 x 3.2mm) with the sample in a 1:1 ratio. The nitrate salt USGS32 was normalized using W102761

in silver tubing. The nitrate salt USGS34 was normalized using W102721 (δ18O of -3.15 ‰) and W102779 (δ18O of 21.0 ‰) in silver

tubing. The measured values of both of the nitrate salts compared to within the range of error of the true values (Table 3).

Figure 9.  Chromatogram of m/z 28 for two separate analyses of keratin on A) Day 1  and B) Day 4.  
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Two separate keratins (500μg) were also analysed over the course of 4 days (see above) as well as other samples and standards

including benzoic acid, nitrates, sulfates and waters. The samples were normalized using waters, W102721 (δ18O of -3.15 ‰) and

W102779 (δ18O of 21.0 ‰) cold sealed in silver tubing as in Qi et al., (2010). Overall precision of analysis was 0.12 ‰ and 0.16 ‰.
The chromatography during the 4 days of analysis remained the same.

Figure 8.  Analysis of two keratins over the course of 4 days using the vario PYRO cube.  

Table 3. Results of oxygen isotopic analysis of nitrate salts.
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