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Goal
Demonstrate the fast time response of the Delta Ray IRIS with a monitoring 
experiment performed in a conference room (volume cca. 75 m3) during a 
two-day meeting attended by up to 35 people. Concentration as well as 
isotopic composition of the CO2 were monitored.

Introduction
Laser-based isotope ratio infrared spectroscopy allows 
scientists to continuously monitor CO2 isotope ratios 
directly at ambient concentrations in air with exceptional 
precision and high temporal resolution. Sampling occurs 
in seconds allowing feature rich data to be immediately 
generated. Robust and simple by design, isotope ratio 
infrared spectrometers are readily field deployable. The 
Thermo Scientific™ Delta Ray™ Isotope Ratio Infrared 
Spectrometer (IRIS) (Figure 1) represents a new solution 
for the continuous measurement of isotope ratio and 
concentration of CO2 in air. By utilizing state of the art 
mid-infrared spectroscopy, simultaneous determination  
of δ13C and δ18O is demonstrated by sampling the air in  
a conference room and different activities are identified.

Figure 1. The Thermo Scientific Delta Ray Isotope Ratio Infrared  
Spectrometer (IRIS).

Instrument Description
In the mid-infrared range absorption lines are about 8000 
times stronger than in the near-infrared. This enables a 
simple direct absorption approach requiring laser path 
length of 5 m. Specifically, the fundamental bands of CO2 
at 4.3 microns are accessed to simultaneously determine 
δ18O and δ13C of of carbon dioxide by measuring both  
of the major isotopologues (12C18O16) and 13C16O2) at 
atmospheric concentration. The raw spectrum is scanned 
500 times a second, performing truly simultaneous 
measurement of all three isotopolgues. Figure 2 (right) 
shows the excellent signal to noise on the 1s averaged 
spectrum, which is then used to determine the isotope 
ratios.



2

The monolithic sample cell and the gas input and output 
port are shown in Figure 2 (left). The gas is continuously 
flowing through the analyzer and has a gas exchange time 
of about 30 seconds. Thus, while the isotope ratios are 
calculated once per second, they are not truly independent 
due to the time it takes to completely replace the sample 
in the cell. 

Universal Reference Interface (URI) 
Calibration is key to accurate and precise measurements 
isotope ratio measurements. The Universal Reference 
Interface (URI) is an integral part of the Delta Ray IRIS 
solution which includes linearity and scale contraction 
calibration into your measurement workflow. In addition 
the URI can serve as a sample dilution device to match 
sample gas and reference gas concentrations for ultimate 
precision measurements using a sample/standard matching 
approach similar to dual inlet measurements in isotope 
ratio mass spectrometry. Linearity calibration determines 
the dependence of the isotope ratios on the concentration, 
and the delta scale calibration determines the scale  
factor by analyzing two gases with different isotopic 
composition. A micro machined mixing and switching 
core (MITCH) together with a flow controller dilutes pure 
CO2 reference gases to match the sample concentration to 
minimize the effect of instrument non-linearity. It can also 
select between different sample gases. 

The sample gas is dried in the URI to prevent matrix 
effects and interaction of water and CO2 (oxygen isotope 
exchange) with the added benefit of providing dry mole 
fraction concentration data. 

Figure 2. The Thermo Scientific Delta Ray IRIS is a mid-infrared DFG laser operating at 4.3 μm. The beam interacts in the multi-pass cell with the sample gas, all 
built into a monolithic bloc. (right) Spectra are acquired at 500 Hz and averaged for at least 1 s before the isotope ratio is determined from the shaded areas. 

Table 1. Extract of sample list generated by the Quick Start Ambient Template 
used for the monitoring.
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Experimental setup
To demonstrate the fast time response of the Delta Ray 
IRIS, a monitoring experiment was performed in the 
conference room (volume ca. 75 m3) during a two day 
meeting attended by up to 35 people. Concentration  
as well as isotopic composition of the air CO2 was 
monitored. For most of the time, the sample gas was 
collected on the floor of the conference room using the 
stainless steel capillary provided with the Delta Ray IRIS 
installation kit and fed to the analyzer, which was 
installed just outside the conference room. Towards  
the end of the second day, the sampling capillary was 
lifted up to about two meters.

The Thermo Scientific™ Qtegra™ Intelligent Data 
Solution™ (ISDS) Software template used to acquire the 
data for this monitoring experiment was Quick Start 
Ambient (QSA). A template only describes a pattern that 
is then repeated until user stops the acquisition. In the 
application presented, the sequence started with 180s of 
reference gas measurement followed by five repetitions  
of the sample, 300s each (Table 1). Between sample  
and reference measurement 60 seconds of flushing was 
inserted to assure that the gas in sample cell has been 
completely replaced. 

Label Flush Time 
(sec)

Measurement 
Time (sec) Port

Ref. 2 60 180 Reference 2

Sample 60 300 Sample B

Sample 0 300 Sample B

Sample 0 300 Sample B

Sample 0 300 Sample B

Sample 0 300 Sample B

Ref. 2 60 180 Reference 2
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Results
The measurement series (Figure 3) begins at midnight and 
the CO2 concentration as well as the isotopic composition 
are stable, close to atmospheric background values  
(≈400 ppm, δ18O ≈ 8 ‰ VPDB and δ13C ≈ -8.5 ‰ VPDB). 
Standard deviation of 10 5 min averages during this 
period is 0.05 ‰ and 0.08 ‰ for δ13C and δ18O, 
respectively and includes instrument noise and real 
variability in the room air. Once the first people arrive in 
the meeting room around 7 am, all 3 measured quantities 
change. During the opening session, the doors to the 
meeting room were open, and the CO2 concentration 
increased only to about 700 ppm because background  
air was diluting the breath of the people attending the 
meeting. After closing the room doors shortly after 10 am, 
the CO2 concentration increases very rapidly to almost 
2000 ppm, because now there is less background air 
allowed to enter the room. As expected, the isotope ratios 
decreased to δ18O ≈ 4 ‰ and δ13C ≈ -22 ‰ in sync with 
the increased CO2 concentration. 

Figure 4 shows the Keeling plot, which is the linear 
regression line of δ13C against 1/CO2. Assuming two 
members mixing, one can predict δ13C of the source  
by calculating the y-axis intercept. In our case the  
mixing occurs between atmospheric background air  
and human breath, and the y-axis intercept yields a  
value of δ13C ≈ -24.7‰ VPDB. The isotopic results  
are consistent with the expectations on human breath.  
The δ13C of CO2 in human breath reflects the source  
of organic matter that is used for food, and it is in the 
range from -19.8 to -24.3 ‰ (Epstein and Zeiri, 1988).

Conclusion
The Thermo Scientific Delta Ray IRIS provides fully 
calibrated, continuous, feature-rich data for applications 
like ambient air monitoring. Results of the experiment 
have shown that rapid changes in concentration, and 
isotope ratios can be attributed to events occurring  
in a conference room. Assuming mixing of ambient 
background air with one other source of CO2 using a 
Keeling plot, yields a δ13C ≈ -24.7 ‰, consistent with 
human breath. These experiments serve as a model 
experiment to simulate how shifts in CO2 concentration 
and in Delta C and Delta O can be followed by 
monitoring the ambient gas. Sample uptake is about  
80 mL/min at ambient concentrations. The Delta Ray 
ambient analyzer can be used to monitor processes in 
plant growth chamber for plant ecology studies or for 
monitoring of breath gas of living animals.

Figure 3. Chronology of changes in air CO
2
 concentration, δ18O and δ13C, respectively.

Figure 4. Keeling Plot using δ13C and CO
2
 shown in Figure 2. A linear regression 

of the data was performed and the statistical results are also displayed.
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