
δ18O analyses of phosphate samples with 

the vario PYRO cube & IsoPrime100

Introduction

Application note: 023

Technical set up

The vario PYRO cube EA allows the determination of δ18O and δ2H isotopic ratios for a large range
of organic and inorganic samples at temperatures > 1400°C. This application note demonstrates the

use of the vario PYRO cube EA (right) coupled to an IsoPrime100 IRMS for δ18O analysis of silver
phosphate precipitated from biogenic phosphate, an essential technique for paleoenvironmental
applications. For example, conodonts are very small animal buccal pieces which are 0.5 to 1 mm
long on average which are abundant in palaeozoic marine sediments. Isotopic analysis of these
conodonts allows the reconstruction of marine paleotemperature variation. Intra-tooth micro
sampling of continental hypsodont (continuous growth) vertebrates provides isotopic data used to
calculate tooth growth rate, past seasonality and mean air temperatures.

Continuous-flow high temperature pyrolisis by EA-IRMS offers significant advantages over traditional
off-line techniques. However, phosphate materials are particularly difficult to analyse due to the high
temperatures needed to digest them, so the analysis of phosphate material demonstrates the
efficiency of the vario PYRO cube EA.

Purge & trap chromatography
Autosampler Furnace 

The configuration follows standard high temperature pyrolisis methods using a glassy carbon tube filled with glassy carbon chips and
carbon black held inside a ceramic furnace tube heated to 1450°C. However, the vario PYRO cube also offers a number of interesting
advantages over similar systems.
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Fig.1: vario PYRO cube oxygen pyrolysis setup. 
Top: “straight” mode. Bottom: “backflush” mode

Purge & trap chromatography
At the heart of the vario PYRO cube EA is a purge & trap separation device
which is used in place of the traditional packed GC column. The purge & trap
system traps CO from pyrolisis at 40°C and rapidly releases the sample CO
by heating to 150°C. The TCD output determines when the trap is heated.
This results in excellent chromatography which has obvious benefits for the
integration of the sample peak

Patented column backflushing to improve separation of N2 from CO
when organic materials are pyrolised
During sample pyrolysis the carrier helium flow is set to “straight” mode. N2 is
not trapped on the column and flows to the IRMS whereas CO is trapped.
Once pyrolysis is complete, the helium flow is set to “backflush” mode to
divert slowly decomposing N2 away from the IRMS and to use a clean He
flow to move the desorbing CO into the IRMS. The purge & trap column is
then heated up to 150°C, the sample CO is desorbed and enters the
Thermal Conductivity Detector (TCD) where the signal is detected as a
focused peak. This backflushing is a patented technique and offers excellent
advantages to this demanding technique

Two independent helium flows through the furnace tubes
The analytical He travels in a standard way, through the centre of the
reaction tube carrying sample CO through the EA to the IRMS. However, a
second independent helium flow passes between the inner glassy carbon
tube and the outer ceramic tube (furnace purge helium). This flow purges
any ambient air which has diffused through the ceramic tube at high
temperature which can lead to high “blank” peaks in other systems.

Removable ash finger made from glassy carbon
For simple maintenance, an ash finger made of glassy carbon is used which
can be removed easily.

Heated sample tray
The sample tray can be heated at a user definable temperature to prevent
any interference on the results by atmospheric moisture.
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Results

Standard
δ18OSMOW

(Measured)
SD n

δ18OSMOW

(Ref. Values)

NBS120c 21.70 0.10 5 21.70

EP02 3.29 0.24 4 3.36

EP05 8.83 0.29 6 8.91

EP011 15.79 0.23 6 15.84

A significant advantage of the vario
PYRO cube system is the quality of
the CO peak shapes compared with
conventional systems using packed
GC separation column. This has a
direct influence on the quality of the
isotopic data integration. Also, there
is no deterioration with time of the
peak quality or the N2-CO separation
as it has been shown with packed
GC systems.

Chromatography

Synthetic silver phosphates have
been measured for δ18O using the
vario PYRO cube system and the
data have been compared with
δ18O measured with conventional
offline techniques (see table).
There is a remarkably good
agreement between both
measurements with a slope very
close to 1 demonstrating the
power of the vario PYRO cube for
phosphate pyrolysis.

y = 0.9961x + 0.0983

R² = 1
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Conclusion

• We have demonstrated here is the potential of the vario PYRO cube system to generate high quality δ18O data from silver phosphate
samples.

• The unique “purge and trap” system allows unrivalled quality for CO peaks chromatography.
• The original helium purging system within the reactor gives virtually no inter sample memory effect.
• The heated sample tray reduces the potential contamination with moisture.
• The patented backflush system when releasing the CO peak is of significant importance to protect the IRMS from potential pyrolysis by-

product contamination. This reduces the downtime on the IRMS.
• The vario PYRO cube system is a unique system to reliably measure δ18O from phosphate samples with EA-IRMS technology which is a

very significant gain in time compared to conventional offline pyrolysis methods.

Name δ18OSMOW (Corrected) sd n

NBS120c -EXT1 21.70 0.27 4

NBS120c - INT1 21.73 0.28 4

PO4 sample 1 17.58 0.15 4

PO4 sample 2 16.92 0.18 4

PO4 sample 3 18.97 0.11 4

PO4 sample 4 17.51 0.14 4

PO4 sample 5 12.48 0.28 4

PO4 sample 6 12.52 0.36 4

PO4 sample 7 12.34 0.19 4

PO4 sample 8 12.55 0.42 3

NBS120c -EXT2 21.71 0.23 4

NBS120c - INT2 21.70 0.15 4

Here we present a typical set of δ18O phosphate
measurements from teeth enamel performed
with the vario PYRO cube. Each batch includes
a series of NBS120c standard considered as
“internal calibration”. The whole batch is
bracketed with NBS120c prepared in advance
considered as “external calibration” used to
account for possible drift and which value is set
to 21.7‰. Here again we notice the high quality
of the vario PYRO cube data.

Analysis


