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Nu Panorama High Resolution Stable Isotope Ratio Mass Spectrometer

The recent development of High-Resolution Stable Isotope Ratio Mass
Spectrometers(” has enabled isotope geochemists to turn their attention
to clumped isotope measurements in many molecules of interest e.g.
CH,, N,,N,0, O,, H, etc.

To measure isotopologues of these gases that have the same nominal
mass, a High Resolution IRMS should be specifically designed for true
high resolution with high sensitivity.

The Nu Panorama High Resolution IRMS uniquely meets these
requirements as it was designed using the ESA-Quadrupole-Magnet
design of Matsuda®, that is optimized for ultra-high-resolution
measurements. Alternative high resolution IRMS systems (or for some
gases, diode laser spectrometer systems) do not have either the
resolution, sensitivity, or applicability of the Panorama instrument.

Methane isotopologue measurements

Methane extracted from geological reservoirs is an important source of
global energy consumption. It is also the second most important (after
water vapour) atmospheric greenhouse gas. Given the above, methods
to study formation and transport processes are of great significance.

Typical isotopic tracers of methane provenance are 5°C and dD, and
these have proved useful in tracing the origins of natural methane.
However, in many circumstances the methane sources are likely to be
of mixed biogenic and thermogenic origin, making it difficult to identify
the origin using just 5'*C and 8D measurements.

Of increasing interest, therefore, is the measurement of methane
multiply substituted isotopologues which can be used to further
constrain and differentiate the source and formational environment of
both biogenic and thermogenic methane.

The abundance of the two isotopologues CDH, and "?CD,H, in
methane gas changes as a function of temperature.

The reactions:

3CH, + ?CDH, s "2CH,+"*CDH, (1)
and
2(,,CDH,) S"CH,+"*CD,H, (2)
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both shift to the right with decreasing temperature, yielding higher
values of ACDH, (%0) and A™CD,H, (%o) at lower temperatures.

If the isotopologues of methane are in isotopic exchange equilibrium at
a given temperature, the two geothermometers (1) and (2) should yield
the same estimates of the thermal equiliium temperature. If the two
geothermometers disagree, however, isotopic exchange equilibrium is
not achieved, and temperature estimates cannot be trusted. Thus the
measurement of both ®*CDH, and ">CD,H, offers an advantage over any
instrument that can only measure the sum of these two isotopologues
(due to insufficient resolution).

®CDH, and ?CD,H, are shown in black text in the table below, that
shows all ions generated from methane that are potentially present at
mass 18

Nominal Mass Species Exact Mass M/AM Abundance
18 3CD,H 18.0394 1.46E-10
SCDH;, 18.0409 11652 1.26E-6
CD, 18.0423 13134 1.55E-12
SCH, 18.0425 103297 1.63E-7
CD,H, 18.0439 13135 1.34E-8
CDH 18.0454 11655 1.74E-9

4

“CD,H & CD, are fragment species, and °CH, and CDH, are
species formed in the ion source

The peak resolution M/AM required to separate these species is
typically between 11,000 and 14,000 thus to resolve them with a flat
top that is suitable for analysis the mass spectrometer will need to have
a mass resolving power greater than 40,000 (assuming that the peak
flat is approximately 1/3 of the peak width) and with true high-resolution
capabilities.

The maximum mass resolving power of the Panorama is approximately
80,000 with a maximum resolution approaching 20,000 thus it is easily
able to separate the isotopologues at mass 18 with flat topped peaks,
as shown below.
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The Panorama has been used in several studies of methane, in recent publications®,

Nitrogen isotopologue measurements Conclusion

The measurement of small natural variations of ®N'*N (i.e. a N, molecule The unique Panorama High Resolution IRMS -developed specifically
containing the two rare isotopes) at mass 30, without interference from forisotopologue studies with no compromise in resolution or sensitivity-
other molecules with the same nominal mass (e.g. N0 and '2C'®0), has enabled novel interference-free isotopologue measurements of
requires a mass resolving power of up to 60,000 methane and nitrogen which have previously never been possible,

either by mass spectrometry or laser spectrometry.
The Nu Instruments Panorama HR-IRMS, with a maximum MRP of
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Additional Notes

29.9996 30.0000 30.0004 30.0008

Definition of isotopologue. A molecular entity that differs only in
isotopic composition (number of isotopic substitutions), e.g. CH,,
CH,D, CH,D, Reference IUPAC Goldbook http.//www.iupac.org/
goldbook/103351.pdf.
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