
APPLICATION NOTE

UNICUBE® FILTER ANALYZER

An instrument package optimized for 
the CHNS analysis of filters.

CHNS analysis of glass fiber filters loaded 
with particulate matter

Introduction
When scientists are interested in the elemental and isotopic composition 

of particulate matter in natural waters or in the air, they use a glass or 

quartz fiber filter to collect this particulate matter. Subsequently, the filter 

is combusted using a CHNS elemental analyzer.

Filter samples are distinct from other samples commonly analyzed by 

elemental analyzers. They are very voluminous (especially 47 mm filters) 

and produce a lot of ash. Oftentimes, the filters are loaded with sample 

material containing only very low elemental concentrations, making 

the removal of the ambient air blank very important. Taking these 

considerations into account, Elementar offers a modified version of its 

newest CHNS+O+Cl elemental analyzer - the UNICUBE®, which is optimized 

for the analysis of particulate matter on glass fiber filters. It can also be 

connected to Elementar’s isotope ratio mass spectrometers to enable the  

isotopic characterization of particulate matter.

This elemental analyzer is already being used by many oceanographers on 

their quest to understand the ocean’s ability to export carbon and how 

C:N:S ratios of sinking particulate organic matter (POM) change with depth. 

In a few instances, our analyzers even perform elemental and isotopic 

measurements aboard moving research vessels!
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Figure 2. Elementar’s unique ball valve guarantees a 

blank-free sample introduction: 1) The sample drops into 

the ball valve via gravity. 2) The ball valve is rotated by 90°. 

Now it is flushed with helium, effectively removing any 

ambient air. 3) The ball valve is rotated by another 90° and 

the sample drops into the combustion tube.

The nitrogen peak area of the filter in the open capsule 

is comparable to the nitrogen background value of the 

tin container and much lower than the nitrogen peak 

area of the pressed sample. This demonstrates that the 

flushing of the open capsule with helium inside the ball 

valve effectively removes any ambient air and thereby 

guarantees the lowest possible nitrogen blank.

Figure 1. For analysis filters can either be wrapped into 

tin foil and compressed using a manual pressing tool or 

they can be placed into an open tin capsule. The second 

method results in a lower blank.

Made for big samples
Many oceanographers prefer the usage of 47 mm filters 

over 25 mm filters as they make water filtration easier. 

However, most elemental analyzers cannot accommodate 

an entire 47 mm filter, even after it has been wrapped into 

tin foil and compressed into a pellet.

The UNICUBE filter analyzer allows the introduction and 

analysis of 47 mm filters in one piece. This is made possible 

by a 60-position autosampler, which has unusually big 

holes. In addition, the internal analyzer pathways leading 

to the point of combustion have been enlarged to allow 

an unimpeded introduction of larger samples. Being 

able to introduce a 47 mm filter in one piece means that 

cutting the filter, which could result in sample loss, is not 

necessary. 

Additionally, up to 1.5 g of sediment can be analyzed.

SAMPLE N PEAK AREA

tin foil or capsule 27

filter in open capsule 28

filter in closed tin pellet 599

Lowest possible analytical blank
Oftentimes filter samples are loaded with particulate 

matter that contains very low amounts of carbon and 

nitrogen. Therefore, it is crucial to reduce the analytical 

blank as much as possible. In the case of nitrogen, the 

analytical blank typically derives from ambient air that 

remains inside of the tin pellet – even after the tin pellet 

has been compressed. 

The UNICUBE filter analyzer offers a unique solution to this 

problem: Filters can simply be placed into an open tin 

capsule. This capsule is then flushed with helium inside 

the analyzer’s ball valve, effectively removing any ambient 

air (see Figure 1 and 2). 

To illustrate the effect of different filter packaging on the 

nitrogen blank, a small experiment was performed. The 

results are shown in Table 1.

Table 1. Effect of different filter packaging on the nitrogen 

blank. All analyses are performed in triplicate.

Figure 3. Loaded 47 mm glass fiber filters.

SAMPLE N PEAK AREA

tin foil or capsule 27

filter in open capsule 28

filter in closed tin pellet 599



3.5 μg N

High signal to blank ratio 
As filters contain a non-significant amount of carbon, it is 

important to analyze filter blanks alongside filters loaded 

with particulate matter. If the filters have undergone any 

sort of pretreatment (e.g., acidification to remove inorganic 

carbon), the filter blanks should be pretreated equally.

The analysis of four acidified 47 mm filter blanks shows 

high reproducibility of N and C peak areas (Table 2). The 

filter blank signals were low compared to the signals of 

two acidified filters loaded with POM. These were collected 

at an oceanographic research station from 3 m and 24 m 

depths. Using the UNICUBE filter analyzer, great sensitivity 

was observed for low N and C contents.

The sensitivity of the UNICUBE is typically more than 

sufficient for the analysis of open-ocean filter samples. If 

an even higher sensitivity is needed, the UNICUBE trace, 

which features a detector that is optimized for trace N and 

C analysis, can also be modified for the analysis of filters. 

Please note that the UNICUBE trace is not a CHNS analyzer, 

but can only analyze N and C contents.

To demonstrate the exceptional sensitivity of the UNICUBE 

trace, a soil standard was diluted with N and C free quartz 

sand. The analysis of 150 mg of this diluted soil standard 

results in a tall and narrow nitrogen peak of 770 units that 

corresponds to 3.5 µg N (Figure 4). 

SAMPLE
N PEAK 
AREA

C PEAK 
AREA N [µg] C [µg]

filter blank 1 15 389

filter blank 2 13 331

filter blank 3 16 319

filter blank 4 18 351

filter with POM 
3 m depth 861 4494 19 106

filter with POM 
24 m depth 2227 6722 49 179

Table 2. Peak area and elemental contents of acidified 

47 mm filter blanks and samples.

Figure 4. Peak chromatogram of a soil sample containing 

only trace amounts of nitrogen. The tall and narrow 

peak shapes are a direct result of Elementar’s unique gas 

separation and pre-concentration technique. Gases are 

trapped on a TPD column until their deliberate and rapid 

release.

Saline samples
After particulate matter is extracted from seawater using a 

filter, the filter itself will carry salt residue. Such saline filter 

samples require a non-standard instrument configuration. 

In CNS mode, the standard quartz glass ash finger should 

be replaced with a ceramic ash crucible. In CN mode, the 

ash finger should be replaced with a steel ash crucible 

(stand-alone EA) or a ceramic ash crucible (EA-IRMS). 

In CN mode, the combustion tube is normally filled with 

copper oxide. When salt is present copper oxide should 

be replaced by cerium oxide. To be cost-effective, it is 

possible to dilute the more expensive cerium oxide with 

corundum balls using a 1:1 mixing ratio. 

The UNICUBE filter analyzer comes with the non-standard 

consumables and reagents needed for saline filter analysis.
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Tool-free maintenance
The analysis of filter samples generates a lot of ash per 

filter. This ash is collected in the combustion tube’s ash 

finger, which needs to be emptied when it is full. In order 

to keep maintenance to a minimum the UNICUBE features 

an extraordinarily big ash finger, that can hold the ash 

of approximately 40 x 25 mm filters, 25 x 47 mm filters or 

70 x 100 mg sediment samples.

UNICUBE maintenance events are facilitated by a slide-out 

oven and clamp connections instead of screws. Therefore, 

emptying the ash finger is a matter of 3-4 minutes.  

To view the corresponding video clip, please visit: 

https://elementargroup.wistia.com/medias/rspc37m3n1.

Using the EA-IRMS bundle EcovisION, scientists can 

determine δ13C and δ15N of particulate matter. This isotope 

analysis can even be performed at sea with the help of 

custom-made shock absorbers.

Figure 5. The UNICUBE features a slide-out oven and clamp 

connections for easy maintenance.

Summary
The UNICUBE filter analyzer is optimized for the CHNS 

analysis of entire glass fiber filters (up to 47 mm) as well 

as of up to 1.5 g of sediment. It features a unique way of 

removing ambient air, which results in a very low and 

reproducible analytical blank. Filter samples carrying only 

trace amounts of nitrogen and carbon were shown to 

produce significantly greater peak areas than filter blanks.  

In addition, maintenance events are infrequent and tool-

free thanks to the UNICUBE’s big ash finger, slide-out oven 

and clamp connections.


