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Helium is an inert gas that is obtained from natural gas well sources where helium 
recovery infrastructure is installed. Over several decades, helium has evolved to be 
the GC carrier gas of choice because of its availability and good chromatographic 
performance. This has most notably been the case for GC-MS using electron ionisation 
(EI) and instruments have been optimised for its use. But helium is non-renewable; 
its availability is linked to petroleum production and therefore to the vagaries of 
that troubled market. Additionally, helium is under high demand in several areas 
including medical diagnostics, which often take a priority over chromatographic use. 
Consequently, the global helium infrastructure is facing great challenges, including 
geopolitical infl uence, natural events, dwindling sources, and technical issues at 
extraction facilities. 

In short, helium availability is severely impacted, which ultimately means increasing 
costs and increasingly a lack of availability for end users. 

The increasing pressure of the helium shortage has led many to consider other 
options. We have seen increased use of hydrogen and nitrogen as alternative carrier 
gases. Hydrogen’s optimum linear velocity is greater than helium, which can increase 
sample throughput through decreased analysis times. However, its combustible nature 
and general safety concerns have hampered its adoption. Additionally, hydrogen is a 
reducing gas and often results in chemical changes of fragmentation ions which can 
negatively impact operation in mass spectrometry. And fi nally, the use of hydrogen can 
cause discrimination and other issues related to its reactivity in the injection port of the 
GC as well. 

Nitrogen has been described as a ‘slow gas’ because its optimum linear velocity is 
lower than helium, and is often overlooked as a helium alternative, due to historic issues 
which are no longer limitations. In GC-MS applications, many commercial systems have 
evolved to using helium and electron ionisation which occurs in vacuum. For successful 
operation, high vacuum must be maintained, and instruments and vacuum pumps have 
been optimised for helium gas operation for most manufacturers. This leads to an issue 
when they might consider nitrogen as a possible replacement gas as a result of helium 
supply concerns. 

But when we utilise atmospheric pressure ionisation for ion formation, the downsides 
of nitrogen disappear. In atmospheric pressure gas chromatography (APGC), where we 
are dealing with a high-pressure environment for ionisation, the presence or absence 

of nitrogen as the GC carrier gas makes no difference to either sensitivity or specifi city. 
Additionally, the atmospheric chemical ionisation process already utilises nitrogen for 
the initial formation of charged species. Therefore, use of nitrogen as the carrier gas in 
fact simplifi es the system because we are only introducing nitrogen from an additional 
source through the column, effectively removing helium from the equation altogether.

The Game-Changer
Although the coupling of GC and MS with 
atmospheric pressure ionisation (API) appeared 
in published papers as early as the 1970s, the 
commercial interest in coupling GC with an 
atmospheric pressure ion source has only 
expanded in the last decade. The need 
to preserve highly diagnostic molecular 
ions for some applications has made 
‘soft’ ionisation (which causes 
less fragmentation) more 
desirable than ‘hard’ 
ionisation techniques that 
can extensively fragment 
molecules but are, 
nevertheless, the expectation 
with traditional GC-MS. 
The crux of the matter is 
that reduced fragmentation 
yields higher sensitivity 
and specifi city, simplifying 
precursor ion selection for 
targeted MS/MS applications 
using MRM acquisitions. 

At Waters, we promote APGC as an ion source for multiple models of mass 
spectrometer. Options exist for highly sensitive GC-MS/MS performance as well as 
high-resolution and even ion mobility separations. Furthermore, it is straight forward 
to swap between APGC-MS/MS and UPLC-MS/MS in a matter of minutes. For this, 
no venting is required, and UPLC-MS/MS and GC-MS/MS can be performed using the 
same mass spectrometer. Finally, it’s worth noting that APGC analysis are not fl ow-rate 
limited as is the case for most EI-based GC-MS/MS systems. This allows for a wider 
range of compatibility for GC column fl ow and carrier gas type. 

The introduction of APGC expanded the scope of our analytical platforms, offering 
unique and data-rich experiments that extend their reach beyond previous capabilities. 
Using APGC, we can harness a combination of sensitivity, mass accuracy, resolution, 
and ion mobility to give levels of selectivity that will thoroughly characterise samples 
and yield data at an entirely different and exciting level. 

In short, APGC is robust, sensitive, and very well suited to the identifi cation and 
determination of a wide variety of compounds. With APGC, unlike EI, the molecular ion 
is typically well preserved, resulting in higher sensitivity and selectivity. Then, of course, 
there is the cost. The ability to use nitrogen as the carrier gas has an immediate impact 
on costs and this alone is a big driver for adopting APGC. If you’re not concerned 
about cost, you probably are worried about the volatility of the helium supply chain; 
the supply-and-demand equation is certainly tipped heavily toward demand. We’ve 
seen suppliers limiting the volumes of helium sold to any one laboratory, making it 
increasingly important for labs to have alternative options to ensure effective and agile 
responses to supply chain interruptions.

Atmospheric pressure ionisation gas chromatography mass spectrometry can help solve the increasing diffi culties of economically 
sourcing helium by opening the door to the use of nitrogen carrier gas with uncompromised performance.

Mass Spectrometry
& Spectroscopy

006-007 - Waters Spec Article.indd   2 30/01/2024   09:45



7

WWW.LABMATE-ONLINE.COM

Jumping on the API bandwagon
We are now beginning to see other manufacturers looking to API techniques and, 
although they are a little less mature than ours, we anticipate rapid growth over the 

next decade. Due to the combination of positive performance characteristics of 
APGC we fully expect the rapid growth in use of the technique across the coming 
decade.

We can fi nd a good analogy for APGC in the LC-MS world, which began using 
electrospray ionisation to the point where, with MS/MS in particular, it became the gold 
standard for small molecule analysis. Why? Because ESI delivered high sensitivity and 
specifi city for MS/MS. APGC looks set to follow the same path - and the helium issue 
will simply act as a catalyst. Overall, APGC-MS/MS offers an affordable, well-suited 
alternative to GC-MS/MS with electron ionisation for the determination of organic 
compounds at ultra-trace levels. 

Final thoughts
The APGC system is a signifi cant step up in terms of analytical performance relative 
to what we can currently achieve with EI systems. It represents a change in technology 
that aims to alleviate some of the biggest challenges the fi eld currently faces. And, 
specifi cally with respect to helium shortages, APGC offers a simple plug-and-play 
solution for swapping to nitrogen - an affordable, renewable alternative that delivers 
results without any analytical compromise. We truly believe it is a gamechanger, and 
hope users will, too.

Read, Share and Comment on this Article, visit: www.labmate-online.com

Innovative UV-sensitive mini-spectrometer
Hamamatsu Photonics has developed a UV-sensitive model in the ‘mini-spectrometer micro series’ that offers high sensitivity, fi ngertip size and low 
cost. These features help slash the size of environmental measuring instruments such as those needed for water quality monitoring and analysis. 
The C16767MA was designed and developed by leveraging the company’s unique micro-electro-mechanical system (MEMS) technology and 
advanced opto-semiconductor manufacturing technology.

The C16767MA separates UV light in the range of 190 to 440 nm or nanometers (one billionth of a meter) into multiple wavelengths and then 
simultaneously measures the light intensity at each wavelength. As just one application, for example, the C16767MA can be mounted in compact 
water quality monitors. Installing these monitors in rivers, lakes or oceans allows inspecting and analysing the content of multiple types of 
pollutants in water via absorption spectrophotometry. The C16767MA also assists in designing and manufacturing inexpensive water quality 
monitors that are easily installable in large numbers at many testing sites to monitor water quality, thus improving the accuracy of water quality 
assessment over broad-ranging areas. By expanding sales of the C16767MA, Hamamatsu Photonics will contribute to ensuring safer water and 
address climate change.

Sales of the C16767MA started on Wednesday 15 November 2023 for domestic and overseas manufacturers of environmental measurement 
instruments. The C16767MA was on display at ‘PHOTON FAIR 2023’, the all-inclusive Hamamatsu Photonics exhibition demonstrating the 
company’s advanced technologies and products along with the tremendous possibilities of light.

More information online: ilmt.co/PL/JRYZ and ilmt.co/PL/5BEm 61625pr@reply-direct.com

Mobile research-grade Raman microspectroscopy
Oxford Instruments WITec has unveiled alphaCART, a portable research-grade confocal Raman system, enabling researchers to conduct on-site chemical characterisation with the same speed, 
sensitivity, and resolution as WITec’s stationary instruments.

This innovative device combines a fl exible, fi bre-coupled Raman probe with a laser, spectrometer, and laptop computer, all housed in a sturdy portable case. It delivers excellent signal sensitivity, 
diffraction-limited resolution, and confocality. These capabilities allow for precise measurements both through and within transparent materials, making faint Raman signals visible even in high-
background environments. Additionally, alphaCART includes integrated white-light illumination and a colour video camera for comprehensive sample assessment.

Researchers frequently conduct investigations in archaeology, the arts, cultural heritage, and geoscience in remote fi eld settings or secure storage facilities. Similarly, experiments in materials 
science, process engineering, civil engineering, and gas analysis often take place outside traditional laboratory settings. alphaCART has been specifi cally designed to provide these researchers with 
uncompromised analytical capabilities while working in such challenging conditions.

According to WITec Product Manager Thomas Dieing: “alphaCART delivers the full performance of our industry-leading confocal Raman instruments on-site for samples too 
big, valuable or fragile to be moved. It can characterise paintings under protective glass, be brought into vaults for non-destructive analysis of priceless treasures, and peer 
through windows into reaction chambers for real-time chemical process monitoring.”

alphaCART utilises the modular design of the alpha300 microscope series, offering access to its complete range of upgrade options and accessories. It 
provides a choice of excitation lasers with different output wavelengths, including 532 nm, 633 nm, and 785 nm, with additional options available upon 
request. Users can also confi gure ultrahigh-throughput wavelength-optimised spectrometers, microscope objectives, and positioning hardware to 
suit their specifi c needs.

WITec’s alphaCART was unveiled to the public at the RAA 2023 International Conference on the Application of Raman Spectroscopy in 
Art and Archaeology, which took place in Athens, Greece from 6th to 9th September 2023.

More information online: ilmt.co/PL/qj1b

61134pr@reply-direct.com

Figure 1. van Deemter curves for the three common GC carrier gasses.
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